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OO,OOO pounds 


of STEAM per hour 
from one unit / 


“Matthew S. Sloan, president of the New York 


Edison and associated companies,announced yester- 
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day the closing of a contract with the International 
Combustion Engineering Company for three boilers 
that will be the largest ever built.” 


Cw 


“The over-all height of the new boilers, which are 
of the Double Ladd type with fin tube water walls, 
will be 95 feet, with furnaces 23 feet wide and 
extending back 65 feet. Each will supply a maxi- 
mum of 800,000 pounds of steam an hour at a 
temperature of 700 degrees Fahrenheit, at 425 


pounds a square inch pressure.” 
CRD 


“With a heating surface of 60,000 square feet each, 
the compactness of the battery of boilers will make 
them not only the greatest producers of steam in 
the world but also the most economical for the 


space occupied and the coal consumed.” 


CoMBUSTION ENGINEERING CORPORATION 
International Combustion Building 200 Madison Ave., New York 


A Subsidiary of 
INTERNATIONAL COMBUSTION ENGINEERING CORPORATION 


COMBUSTION ENGINEFRING 
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The Sphere is 
_ a0e OF THE ON 


Nature’s Favorite Form STEEL BAL 


T has only one dimension, is the only form that 
| rolls in any direction with equal facility, is the — 
most compact and strongest. _ 
In the New Departure Ball Bearing man has 
capitalized on nature’s infallible wisdom and has a 
developed the most successful anti-friction device. B 
The New Departure steel ball evolves from spe- 
cial analysis wire (A), is “headed” into its first * 
rough form (B), rough ground (C), finish ground y, rs 
(D), lapped (E), cleaned and polished (F) to a ft 
brilliant, smooth surface, to absolute sphericity and 
greater precision in dimension than any other com- lad 
mercial product. ? 
© 
© 


These balls, between raceways of equal quality, 





finish and precision, become superior fighters of 





awe friction losses and preservers of mechanical pre- 
Qe 
AY " y/ 
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Bristol, Connecticut; Detroit, Chicago, San Francisco. 


NEW DEPARTURE 


BALL BEARINGS 
ee 


cision in industrial service. 










The New Departure Manufacturing Company, 
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_ / WHEREVER WHEELS 
¥ AND SHAFTS TURN» 


Industry’s profile cuts the sky —express trains glide 
by—traffic whistles shriek, sirens snort, bells clang. 
In the thick of industry and transportation are 
Timken Bearings in railroad and street car journals, 
electric motors, buses, trucks, motor cars and 
machinery of all kinds—saving lubricant, reducing 

friction, and prolonging machine life. 


Where roads are to be made, rivers bridged — where 
men mine the earth or use its soil for grawing grain 
or pierce it deep to tap the oil supply —there again 
are Timken Bearings and Timken benefits. 


Everything we eat or wear, buy, sell or use— every 
move we make in transporting people or products— 
there are Timken Bearings with their exclusively com- 
bined Timken tapered construction, Timken POSI- 
TIVELY ALIGNED ROLLS and Timken electric steel. 


For wherever power is applied through moving parts, 
Timken Bearings are bettering the work of the world 
—cutting costs and increasing production wherever 
wheels and shafts turn. So universal has this condi- 
tion become that every student engineer owes it to 
himself to include in his course a thorough and de- 
tailed study of the’ application of Timken 
Tapered Roller Bearings to all types of 
industrial equipment. 


THE TIMKEN ROLLER BEARING CO. 
. O° 


‘ MIKEN Roller BEARING 
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T Ocean City, New Jersey, a new board- 
. walk — one of the finest of its kind in the 
world — was recently completed. The entire 
structure is of concrete with the exception of 
the decking and rails which saved the name, 
boardwalk, from becoming concrete walk. 


Supporting this sea shore promenade are 780 
concrete piles, each 18 inches square, 32 feet in 
length and sunk 24 feet in the sandy beach. 
Each pile, which weighed more than six tons, 
« was lifted and located with a Koehring Heavy 
Duty Crane. 


Another feature of this construction was the 


speed and adaptability of the Koehring Crane 
in setting the piling. The last pile was sunk 
four days ahead of the specified schedule. The 
entire contract was completed and accepted one 
day before the time limit. 


Again a Koehring product is identified with the 
successful completion of an unusual project! 


KOEHRING COMPANY 
MILWAUKEE, WISCONSIN 


Manufacturers of 


Pavers, Mixers — Gasoline Shovels, Cranes and Draglines 
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Follow 
the Eagle 


HE eagle—long the symbol 

of majesty and power— 
stands for excellence of tech- 
nical skill in transforming lead 
ore as it comes from the mines 
into a vast number of finished 
lead and allied products. Every- 
thing painted, every machine 
that runs on bearings, every 
home, almost every industry 
benefits from Eagle-Picher tech- 
nical skill, symbolized by the 
Eagle. 


Lead and zinc flow sheets 
are available free—also other 
valuable data on lead and its 
products. Write The Eagle- 
Picher Lead Company, 134 
North La Salle Street, Chicago. 


of Lead, Zinc and Allied Products 
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Are the Hardest 


HAT will you be doing ten, fifteen 

years from now? Fifteen years 
seems a pretty long time to be worrying 
about, you say. Yet it’s the fellow who 
looks ahead who usually comes out on 
top. He builds the foundation now. 


The successes of today and tomorrow 
are built on the foundations of yesterday. 


In the utility field that statement 1s par- ° 


ticularly true. A power station built today 
anticipates the needs of the community 
for many tomorrows. A transportation 
system is laid to take care not only of the 
present but of the future riders. 


Stone & Webster finances, builds and 
operates public utilities. It is constantly 
looking forward, developing new methods, 


The Stone & 


Webster man is progressive. His business 


new ways, new ideas. 


makes him so. He pioneers because only 
through pioneering may the service needs 
of his public be met satisfactorily. 


You’re going to know Stone & Webster 
when you leave college. You’! find an or- 
ganization of men with sound judgment 
and upon whom you can depend. You’ll 
find the Stone & Webster organization is 
worth knowing and worth doing business 
with. 


STONE & WEBSTER 


INCORPORATED 
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The Status of the American Railroads 


Their history since the return to private control and their outlook for the future 


agement in promoting industrial 

stability and in salvaging earn- 
ings from erstwhile losses is seldom 
more strikingly illustrated than in the 
case of the railways of this country. 
In fact, their ability to handle an 
expanding volume of business with 
increased safety and speed, at lower 
unit costs, is invariably cited as one 
of the outstanding features of the 
economic development of America 
since the end of the war. 

Reviewing the eight years under 
private ownership and operation, fol- 
lowing the end of the Federal-control 
period, we find that freight traffic has 
increased about 5 per cent; that freight 
speed between terminals has increased 
19 per cent; that this increased pro- 
ductivity was secured with 16 per cent 
fewer train-miles and a 14 per cent 
decrease in the number of railway 
employes. During this same period 
the average ton-mile revenue has de- 
clined more than 15 per cent. In other 
words, if the freight rates of 1921 had 
been in effect during 1927, the public 
would have paid more than 800 million 
dollars additional for their transpor- 
tation service. 

Behind this accomplishment there 
is an investment of nore than 6 billion 
600 million dollars for improvements 
since the Transportation Act was 
passed in 1920. These expenditures 
for improved railway plant constitute 
an important contribution by the 
industry to the commercial activity 
of the country, as well as a vital contri- 
bution to the operating efficiency 
within the industry itself. 

When the railways were returned to 
private ownership in 1920 following 
the period of Federal control, earnings 
were at low point, and the condition 
-of road and equipment was in deplor- 


i's role of modern efficient man- 





By Epwarp E. Loomis 
President, Lehigh Valley Railroad Company 


able shape as the result of the war 
and conditions which went with it. 
The Transportation Act provided the 
terms under which the roads were 
returned to private ownership. But 
in addition, the measure in a sense 
constituted a code of behavior on the 
part of both the Government’s regu- 


Mr. Loomis, the author of this 
article on railroad economics, 1s 
President of the Lehigh Valley 
Railroad, and is also Chairman 
of the Committee on Public Rela- 
tions of the Eastern railroads. He 
enjoys a wide reputation as a 
writer on such subjects, and we 
are fortunate in being able to 
publish his paper at this time. 

The article was to have been 
included in our Railroad issue for 
February, but due to an unavoid- 
able delay, we were forced to with- 
hold it until this month. We 
believe that our readers will find 
it a valuable complement to the 
railroad material that we have 


already published. 





latory powers and on the part of the 
railroads. The Act obligated the car- 
riers to provide the people with 
adequate transportation, and _ then 
stipulated that the railroads should 
be allowed a fair chance to earn an 
adequate living under a more stabil- 
ized set of conditions than theretofore 
prevailed. 

“In the exercise of its power to prescribe just 
and reasonable rates,” the law states, “the 


Commission shall . . . establish such rates so 
that carriers as a whole . . . will, under honest, 
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efficient and economical management and rea- 
sonable expenditures for maintenance of way, 
structures and equipment, earn an aggregate 
annual net railway operating income equal, as 
nearly as may be, to a fair return upon the 
aggregate value of the railway property of such 
carriers held for and used in the service of 
transportation. . . 


The Interstate Commerce Commis- 
sion has fixed the “fair return” at 
534 per cent, but in no year since the 
passage of the Act have the railroads’ 
earnings equalled this return. 

In 1923 the railroads “adopted a 
concerted policy and intensive work- 
ing program to enable them to meet 
the growing transportation needs of 
the country.” They authorized an 
enormous amount of additional cap- 
ital, largely through borrowed money, 
for improvements and expansion “on 
the abiding faith in the fairness of the 
American people and reliance on the 
continuance of the policy announced 
in the Transportation Act of 1920, as 
a measure of reasonable protection to 
investment in railroad property.” The 
progressive improvement which the 
railways are steadily showing in effi- 
cient operation is primarily the result 
of the program of 1923 which has been 
consistently followed ever since. 

It took real courage to come out and 
secure new capital for equipment and 
improvements to the railway plant, 
when for several years the return which 
the railroads had been earning was 
far from adequate. It was a brand of 
courage comparable to that of our 
pioneer railroad builders. The pioneer 
roads were indeed pathfinders in that 

they went into the wilderness and 
settlement followed. They took chances 
that the country they penetrated would 
be settled and that business would 
follow. That this proved true does 
not detract from the credit that these 
early railway investors and planners 
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deserve for sheer courage and progres- 
siveness. 

What has been accomplished with 
this enormous expenditure of more 
than 61% billion dollars averaging some 
750 million dollars annually? Broadly 
speaking, we find that improvements 
were made in facilities and equipment; 
that there has been an advance in 
methods and processes used by man- 
agement, and that there is a higher 
morale among the employes. 

The American railroads have been 
among the most aggressive in the world 
in initiating improvements and intensi- 
fying facilities which eliminate waste, 
increase safety, and add to the amount 
of transportation produced from each 
car, each locomotive, and each mile of 
track. This work has been going along 
steadily for years to the extent that 
the railroads’ earnings permit, and 
they must continue it. But no single 
improvement on a railroad plant can 
be made in a vacuum. A railroad is 
by its very nature so integrated, one 
unit being so dependent upon another, 
that if a process of improvement is 
started it must be carried on. 

If a more powerful locomotive and 
heavier cars, for example, are pur- 
chased, there must follow heavier rails, 
improved ballast, better bridges, larger 
engine houses, longer sidetracks, better 
stations and yards, more powerful tools 
in repair shops and better signals for 
greater safety and speed. Not until 
these and many other improvements 
are made can the full economic value 
of the powerful locomotive be utilized. 

These things cannot be created over 
night. The adoption of such a policy 
is in itself a most serious undertaking: 
there must be imagination, sound 
judgment, careful planning and con- 
stant supervision, and credit must be 
in sight over a long series of years. 

There is universal testimony that 
this policy of improvements has pro- 
vided the United States with a quality 
of steam transvortation unequalled in 
the history of this or any other coun- 
try. In its recent annual report the 
Department of Commerce finds that: 

“The most conspicuous aspect of railway 
transportation during recent years has been the 
steady improvement in the quality of the service 


rendered. Especially important is the fact that 
cars have been made available promptly when 
needed. The chronic shortages which were 


characteristic of the war years and those immedi- 
ately following have been wholly done away 
with. 

“Equally beneficial to the shippers and re- 
ceivers of freight and indirectly to the consumers 
of commodities has been the gain in the rapidity 
of transportation and delivery. It is estimated 
that the time required for a given shipment is 
now at least one-third less than at the close of 
the war. This improvement in railway service 


has reduced the costs and risks of industry and 
of distribution. 
business without 
commodities. 
“The betterment of railway service has been 
the result of deliberate effort on the part of the 


It has made it possible to do 
carrying excessive stocks of 
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railway companies themselves and of cobpera- 
tion on the part of shippers and receivers of 
merchandise.’ 


But the hope that such quality 
transportation would be rewarded by 
a rate structure which would yield a 
fair return on the value of the property 
devoted to transportation has not yet 
been realized. The average rate of 
return on property investment on the 
Class I carriers in the last eight years 
has amounted to less than 41% per cent. 

Without entering into any fine-spun 
technicalities, it is a fact that since 
the Transportation Act of 1920 was 
passed, the net railway operating in- 
come of the Class I railroads has fallen 
approximately 3 billion dollars short 
of a fair return on the money invested 





LOOMIS 
Valley Railroad Company 


EDWARD E. 
President, Lehigh 


in railway property. To be sure, all 
that is water over the dam. The car- 
riers have no enforceable claim on the 
Government, or on anybody else, for 
the deficiency, inasmuch as the Act 
did not “‘guarantee” the carriers a 
thing. But the situation does empha- 
size the fact that the railroads have 
no margin above the fair return to 
carry them on from fat to lean years. 

This gives point to the question: 
Must the railroads always be restricted 
to earnings less than the measure of 
justice set up by the Transportation 
Act, no matter how excellent the con- 
dition of general business, how efficient 
the operation of the railways or how 
good the quality of service? The nam- 
ing of 5°4 per cent as a fair rate of 
return is certainly not an excessive 
rate, if the railroads are to keep pace 
with a hurrying world. 

Business men are unquestionably 
pleased that railway service is good, 











March, 1929 





but many of them seem to assume that 
it always will be good — that the rail- 
ways in some way will get enough 
earnings to keep the service good, or 
will keep it good without adequate 
earnings. There is grave danger that 
the public will permit itself to be 
lulled into a condition of comfortable 
contentment, pleasantly satisfied with 
existing performance, yet wholly in- 
different to the real trend of develop- 
ments. Admittedly, the railroads are 
operated to serve the public, but ade- 
quate and efficient service cannot be 
continued indefinitely on the basis of 
a dwindling return. As viewed by 
railway management, the persistent 
deficiency in net railway operating 
income below the fair return, is not 
only unjust to railroad investors, but 
must in the long run be detrimental 
to the whole business structure of the 
country. 

Yet the railroads continue to be 
subjected to constant pressure for 
reductions in rates and for higher 
wages. In addition, they are suffering 
from competitive transportation agen- 
cies, such as inland waterways, which 
are actually subsidized by the Govern- 
ment. Since these waterways are not 
self-supporting, the taxpayer is forced 
to foot the bill for this barge traffic. 
At best, the barge lines are ice-bound 
several months of the year. Moreover, 
they do not create new traffic as do 
the railways; they take traffic from 
existing transportation agencies. 

The railways are not opposed to the 
development of any agency of trans- 
portation which is economically sound, 
and for which there is a public need. 
In the case of waterways it is im- 
portant that every project should be 
analyzed carefully, as to actual neces- 
sity, total cost, and probable effects on 
existing transportation lines. No group 
of business men would dispose of the 
problem in any other way, and it will 
be a great pity if this situation is not 
handled without politics. The country 
simply cannot afford to rush into an 
inland waterway expenditure program 
that will be of no benefit to the shipper, 
that may prove to be disastrous for 
the railroads and an excessive burden 
to the taxpayer. 

Mounting railway taxation is like- 
wise tending to jeopardize the interests. 
of investors in railroad securities and 
the interests of shippers. It is impor- 
tant to note that the taxes paid by 
the railroads have increased almost 
steadily during the last seventeen 
years, rising from $98,600,000 in 1911 
to more than 395 millions in 1927, an 
increase of approximately 297 million 
dollars, or 300 per cent. 

In 1921 the railroad taxes amounted 
to $270,000 a day, while now they 
average over one million dollars a day. 
(Continued on page 70) 












2 
r 
= 
t 


Sd 





A President in the Making 


The reminiscences of one of the first to discover the remarkable abilities 


1894 to be exact, I was sitting in 

the offices of the United States 
Geological Survey in San Francisco — 
the old Appraisers’ Building which 
bravely survived quake and fire — 
busy planning the summer’s work. 
We were making geological maps of 
the Sierra Nevada, the Gold Belt of 
California. In that year I was to 
attack the High Sierra, particularly 
that part of it southwest of Lake 
Tahoe. 

A young fellow came in to see me. 
He wanted a job as assistant, his 
credentials being the hearty endorse- 
ment of Professors Pranner and J. P. 
Smith of Leland Stanford University. 
He was a senior at Stanford. He was 
a rather short and thin person, serious 
of mien, blonde and pale. He did not 
look just like a stalwart geologist 
ready to tackle canyons and peaks. 
A friend of mine, who was sitting 
close by, appeared a little doubtful, 
and said: “ Well, do you think he will 
do?”’ After some consideration I said: 
“Yes, I think he will. Anyway, a 
strong recommendation from Branner 
and Smith goes a long ways with me.’ 
So he was engaged at something like 
$75 per month and board. This young 
fellow was Herbert Hoover, now 
President of the United States. 

The summer came, time to start 
for the field. Wagon, pack train, and 
packer were secured, and the outfit 
assembled in El Dorado County. 
Hoover and I went up for a short 
visit to my mountain ranch in Placer 
County, but to get up to Placerville 
was not so easy, for the great railroad 
strike was in progress, and President 
Cleveland had just ordered out the 
army to start the railroads going. 
Gradually, however, on trains pro- 
tected by soldiers, we reached the old 
mining town of Placerville. From 
then on it was smooth sailing, for with 
wagon and pack train we were inde- 
pendent, and, in fact, saw no more 
railroad trains until the fall. For 
several months our campfire burned 
in the deep valleys and among the 
snowpeaks of the High Sierra, and 
it was a keen pleasure to trace out 
the geological relations of the rocks, 
the quartz veins, and the old gold placer 
channels. 

In very short time Hoover proved 
his worth. He learned how to throw 
the diamond hitch, to ride horseback, 
and to follow and locate complex geo- 
logical contacts. Never have I .had 


J about thirty years ago, in 


of Herbert Hoover 


By Wa.tpEMAR LINDGREN 


William Barton Rogers 
Professor of Economic Geology 
Massachusetts Institute of Technology 


a more satisfactory assistant; eager to 
learn, exact in the recording of observa- 
tions, and a keen instinct of how to 
proceed in the simplest way to solve 
the problems presented to him. Soon 
he was sent out on independent side 
trips. Once in a while, however, acci- 
dents occurred. For example, leaving 
your notebook and bag on top of the 
highest peak in the range may be safe 
enough, but to retrieve the property 


For the past several weeks the 
eyes of the nation have been upon 
our new President, Herbert Hoover. 
This article, which serves to give a 
picture of him at a time when he 
was in a position similar to that 
of our own undergraduate days, 
should therefore be of particular 
significance. Professor Lindgren, 
who writes of Hoover as a young 
man, was associated with the 
United States Geological Survey 
from 1894 to 1912, and it was 
during this period that he had 
the experience of employing and 
helping to develop the man who is 
now hailed as our Chief Executive. 


was a more or less painful undertaking. 
There was only one criticism of Hoover 
that I can remember; he insisted on 
consuming more condensed milk than 
the strictly outlined field ration called 
for. The extra food was perhaps 
sometimes charged to the mules. 

Between Hoover and myself, we 
mapped one thousand square miles 
of perhaps as wild and lonely country 
as the Sierra Nevada provides. When 
the fall arrived and the work was done 
and the specimens shipped to Wash- 
ington for study, we had become 
great friends, and I now fully appre- 
ciated the sterling characteristics of 
the man. 

Hoover proceeded to Stanford, and 
I went to Washington, and I liked my 
assistant so much that I engaged him 
to continue fieldwork with me in the 
following year, 1895. We started with 
the same old wagon and packer and 
mules, only this time the work con- 
sisted in a reconnaissance of the 
boundary region between California 
and Nevada ranging over the dry 
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country on the east slope of the moun- 
tains. I found my friend Hoover 
greatly improved; his senior year had 
done wonders for him and he proved 
of even more assistance than before, 
being now fully capable of undertaking 
independent work. We ranged over 
the mountains all summer and in the 
fall Hoover did some particularly excel- 
lent work in correcting the topography 
of considerable areas, for in those days 
the topographic work of the Survey 
was not what it is now, and the geolo- 
gist had to follow the surveyor, check- 
ing up on his errors. Reluctantly I 
parted from Hoover; he was not pale 
and slender any more but had grown 
to the full size of a geologist. 

But, of course, he wanted to go into 
mining, and the Geological Survey was 
not to be his principal work. Instead, 
the world became his field. I gave him 
a letter of introduction to my friend 
Louis Janin, the great mining engi- 
neer. Janin, then located in San 
Francisco, took to Hoover at once 
and sent him first to Carlisle, New 
Mexico, where gold-bearing veins were 
being opened; and a little later to 
Western Australia to take charge of 
the new properties of Bewick, Moreing 
of London. From then on his record 
is fully known. 

About two years later, I was giving 
a course in mining and metallurgy at 
Stanford. Hoover was gone but in 
my class was a very bright and attrac- 
tive girl who for some reason wanted 
to be well informed on these subjects. 
The reason, as I now suspect, was 
Hoover, and the young lady was Miss 
Lou Henry, now the first lady of the 
land, and the helpful companion in 
Herbert Hoover’s life work and study, 
one of the co-translators of that cele- 
brated classic, Agricola’s De Re Metal- 
lica. I remember particularly one 
of our most enjoyable excursions with 
the class to the Selby Smelting Works, 
then managed by my old Freiberg 
friend, Baron von der Ropp. We 
went all through the plant and sul- 
phuric acid works and none was more 
interested in everything than Lou 
Henry. Afterwards Ropp served us 
a long to be remembered noon repast 
at his home. 

Several years afterwards it was again 
my good fortune to be associated with 
the Hoovers in Australia, particularly 
in Victoria and New Zealand, where 
we visited many great mines, at 
Ballarat, Bendigo and the Waihi, the 

(Continued on page 82) 





The Autogiro 





Since its flight from London to Paris, this unconventional airplane 
has aroused world-wide interest 


CIERVA tells of the birth of 
the Autogiro in the following 
words: 

“The crash, in 1919, of a big three- 
engined biplane designed by me for 
the Spanish Air Force gave birth to 
the Autogiro machine. This crash was 
the consequence of involuntary stall- 
ing, and impressed me painfully with 
the fact that aeroplane flight — safety 
in which, as opposed to all other 
methods of transport, depends on 
speed — is entirely contrary to human 
nature. 

Methodical consideration of all pos- 
sible systems of flying led me to elim- 
inate the aeroplane itself, the helicopter 
and the many varieties of flapping 
machines. In my researches for the 
ideal safe machine certain elaborate 
theoretical deductions resulted in the 
discovery of an entirely new system 
of flying, for which I had to find a 
name. I chose the word ‘Autogiro,’ 
a contraction of ‘Auto-giro-pteros’ or 
‘self-rotating-wings,’ since the lift in 
such a machine is obtained by a 
number of wings or blades freely 
rotating, without the application of 
mechanical power, around a common 
axis which is almost vertical, motion 
being imparted to them solely by the 
reaction produced by the wind due to 
the displacement through the air. 
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Early in 1920 the experimental 
period began. Many machines were 
tested, without any practical result, 
until two years later I discovered the 
capital improvement which made the 
Autogiro possible in practice. The 
rotating wings, rigidly constructed be- 
fore, became articulated, flapping freely 
and maintained in a nearly horizontal 
position only by centrifugal force. 
The main aerodynamical and construc- 
tional problems were by this method 
solved automatically. Since January, 
1923, Autogiro machines have been 
flying in the true meaning of the word, 
and in 1924 a cross country flight of 
eight miles was achieved in Spain, the 
first one to be made by a heavier-than- 
air machine other than the ordinary 
fixed wing aeroplane.” 

The appearance of the Autogiro is 
very similar to that of an ordinary 
aeroplane with the exception of the 
wings. In place of the usual fixed 
wings are a set of rotating vanes, which 
are carried by an almost vertical shaft 
or mast over the center of gravity. 
The mast slopes slightly backwards, 
the vanes rotating freely around it as 
an axis. The vanes or blades are each 
hinged near the base, with the hinge 
pin perpendicular to the mast. When 
rotating in flight, the resultant of the 





AUTOGIRO C. 8. MARK II ON THE GROUND 


The lifting surfaces have an almost feather-like appearance 
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centrifugal force and the lifting force 
produces a position of equilibrium 
which is conical to a slight extent. 
The controls are the same as those 
of an ordinary aeroplane, the ailerons 
being carried by a small pair of mono- 
plane wings. These wings give but 
small lift and are the result of fairing, 





THE AUTOGIRO IN FLIGHT 


Note the comparatively small wings, and the 
slowly rotating blades 


for better streamlining, the spars 
originally used to carry the ailerons. 

In early experiments different num- 
bers of blades have been used, from 
two to four in number. The machines 
now being used have four blades. The 
shape has also been changed as experi- 
ments have shown which design is the 
more efficient. The pitch angle has a 
very critical effect on the performance 
in speed and in climb. Each blade is 
built up with spruce ribs on a steel 
tubing spar, and fabric covered. The 
leading edges are reinforced with three 
ply, both top and bottom. Adjustable 
weights are held at the end of each 
spar, the position of which can be 
changed in order to obtain dynamic 
and static balance of the rotor. The 
inner end of each spar is fitted with an 
internal flanged socket, which is bolted 
to a corresponding flange of the outer 
fork of the secondary hinge of the 
rotor hub. The bolt holes are slotted 
to permit changes in the pitch angle of 
the blades. The rotor hub, which is 
carried on the steel tube mast, runs’ on 
hall bearings. On the hub are formed 
forks, which carry housings for the 
roller bearings of the main hinges. A 
spur wheel for a tachometer drive is 
also carried on the hub. The forked 
intermediary member carries the pin 
on the main hinge in the fork. The 
secondary hinge is completed by an- 
other fork and articulated to the 
intermediate piece by a hardened steel 
pin. Thus the main hinge has a roller 

(Continued on page 72) 








Y the time this article is pub- 
B lished, an engineer, Herbert 
Hoover, will have been inaugu- 
rated as President of the United States. 
No better evidence than this fact can 
be adduced to help to indicate that 
men and women everywhere, in our 
own country and throughout the 
world, are beginning to give to engi- 
neers increased public recognition. 
The word “engineers,” as used in 
this article, is to be considered in its 
broadest sense, including, in general, 
all constructively minded men who 
have had scientific training qualifying 


them to follow technical pursuits, 
relating to applied science. “Engi- 


neers”’ in this sense are particularly 
to be distinguished from men such as 
lawyers or clergymen, who follow pro- 
fessions of importance but professions 
which obviously call for less scientific 
training. 

It is interesting to remember that 
the only other President of the United 
States who could be called an engineer, 
in addition to Herbert Hoover, was 
our first President, George Washing- 
ton. In the years of his early man- 
hood, Washington earned his living 
as an engineer and land surveyor. In 
the years of his better known military 
career in later life, Washington gave 
ample evidence of his marked engi- 
neering ability. The remarkable cam- 
paign of Washington in the State of 
New Jersey is still studied with admira- 
tion in all advanced schools of military 
instruction. This campaign involved 
many problems of quick transporta- 
tion, particularly in the ‘Trenton 
and Princeton Districts. Washing- 
ton’s handling of these transportation 
problems and other fortification prob- 
‘lems throughout the War of the 
Revolution showed that he was prob- 
ably as competent and efficient an 
engineer as it was reasonably possible 
for a man to be at that early stage of 
engineering development. When serv- 
ing as the first President of the United 
States, Washington gave other proofs 
of the possession of engineering vision 
of a high order, for instance, in his 
recommendations for the adoption of 
proper plans providing for both the 
immediate development and the later 
growth of our national capital, the 
City of Washington. Only in this 


generation are we coming to realize, 
after several past generations of indif- 
ference and neglect, that it would be 
well in the City of Washington to 
endeavor at once to correct recent 
errors and to follow more closely, in 





Increasing Recognition for the Engineer 


The growing demands and opportunities for engineers 


to perform public service 


By Tuomas C. Desmonp ’09 


President, Thomas C. Desmond & Co. Ince. 
plans for the future, the original 
vision of this city as conceived by 
L’Enfant and Washington. 

After Washington there followed a 
succession of presidents from other 
vocations than engineering — mostly 
lawyers. It is not intended to cast 
any reflection on the legal profession, 
which is a great and noble calling. It 
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does seem, however, that people are 
beginning to recognize that it would 
be well if more engineers should take 
part in politics and government, coép- 
erating with lawyers and men of other 
vocations. More engineers in our 
national and state legislative bodies 
would be a benefit and so would be 
more engineer officials in public admin- 
istrative positions. ‘Time and time 
again one hears repeated the correct 
statement that this is preéminently 
an engineering age. During the recent 
political, presidential campaign, the 
tacts of Hoover’s proved engineering 
ability and his technical familiarity 
with many pending national problems, 
such as those of water power develop- 
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ment, Mississippi River Flood Relief, 
the development of a Great Lakes to 
the Ocean canal and the development 
of other inland waterways for the 
better handling of farm products, 
were repeatedly stressed by Repub- 
lican campaign speakers. Since the 
overwhelming endorsement by the 
voters of this country of the engineer 
Hoover, on November sixth last, all 
engineers in our country, Democrats 
and Republicans alike, may justly hold 
up their heads in pride, rejoicing that 
there has come to a fellow engineer a 
mark of increased public recognition 
higher than which it is not possible 
for any man of any profession in any 
country to attain in the world today. 

Until recently, at least, in our own 
country as well as elsewhere in the 
world, most of the prizes of public 
recognition have gone to other men 
than engineers. Few engineers, for 
instance, have hitherto been chosen 
as Governors of our States, or United 
States Senators, or Ambassadors from 
the United States to foreign countries, 
or even, until recently, as leading 
executives of our largest railroad cor- 
porations and other corporations. Most 
of these positions of very great honor 
and responsibility have heretofore been 
held by lawyers or bankers, and many 
such positions will continue to be held 
in the future by capable lawyers and 
bankers, for deservedly good reasons. 
Morgan F. Larson, an engineer, how- 
ever, was elected last fall to be Gov- 


ernor of the State of New Jersey. 
Engineers ‘like Gerard Swope ’95, 
President of the General Electric 


Company, Alfred P. Sloan, Jr. °95, 
President of the General Motors Com- 
pany and Elisha Lee ’92, Senior Vice- 
President of the Pennsylvania Rail- 
road, are now all filling with distinction 
executive positions of the first class, 
which legally trained or banker-trained 
men used to monopolize in former 
generations. These prominent Massa- 
chusetts Institute of Technology grad- 
uates, with other engineers from other 
educational institutions holding sim- 
ilarly high offices today, are helping 
to prove that engineers must not 
necessarily spend their lives merely 
as technical subordinates, but that 
some engineers, at least, are qualified 
to hold enormously important and 
comparatively non-technical positions 
calling for the highest qualities of 
responsible judgment. 

Let us not forget that it has been 
only comparatively recently that men 

(Continued on page 76) 















The Cascade Tunnel 


A brief account of the record-breaking construction 
of the longest bore in America 


T is hard to realize how rapidly the 


Northwest has developed. Forty 
years ago there was no Great 
Northern transcontinental line, and 


it was only in 1889 that John F. 
Stevens explored Marias Pass in the 
Rockies and gave to the Great North- 
ern the lowest pass of any of the 
Central and Northern  transcontin- 
ental lines of the United States. 

With the crossing of the Rockies 
settled, Mr. J. J. Hill sent Stevens to 
find the best route across the Cascade 
Range. Stevens had no instructions 
except that he should 
follow Mr. Hill’s es- 
tablished practice of 
opening up new coun- 
try. The lowest 
passes across the Cas- 
cades were in the 
vicinity of the North- 
ern Pacific crossing, 
and Stevens, after 
exploring the whole 
country from the 
Northern Pacific to the International 
Boundary, selected the pass since known 
as “Stevens Pass.”’ 

At that time the country was heavily 
timbered, and in locating the new route 
Stevens felt that the presence of the 
timber indicated freedom from snow- 
slides. The route he selected appealed 
particularly to him because it lent 
itself to immediate construction of a 
switch back route with 3.5 per cent and 
4.0 per cent grades passing over the 
summit at an elevation of 4,060 feet in 
the open, and to the construction later 
of a tunnel which would eliminate the 
heavy grade switch back section. The 
permanent part of the line on both east 
and west slopes of the mountain was 
built on a 2.2 per cent grade. 

The through line to the Coast was 
put in use early in 1893 and shortly 
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DETERMINATION OF THE 
ACCURATE LOCATION 


A profile, showing observation points on 
the axis of the tunnel 


Lowe ELECTRIFIED FROM WENATCHEE TO SKYKOMISH 


By D. J. Kerr 


Assistant to the Vice-President, 
Great Northern Railway Company 


afterwards construction work was 
started on a 2.6 mile tunnel, which re- 
duced the summit to 3,380 feet, and did 
away with the switch backs. This tun- 
nel line was opened in 1900 and elec- 
trified in 1910. 

With such a line across the moun- 
tains what was the necessity of a new 
tunnel? 

To understand the situation one 
must realize the ex- 
tent of the snowfall 
in the Cascades. 
There are records 
of two winters each 
having an aggregate 
fall of 56 feet of 
snow at the east 
portal of the old tun- 
nel. This snowfall 
diminishes at the rate 
of over a foot for 
every 100 feet decrease in elevation, 
1.€., a point on the mountainside with 
an elevation of 1,500 feet would have a 
snowfall during the winter 15 or 20 
feet less than a point at an elevation 
of 3,000 feet. 

Further, the destruction of timber, 
principally by fire, following the con- 
struction of the railroad, permitted 
small slides to begin which in turn 
cleared paths for more extensive slides. 
As time went on, more and more snow- 
sheds were built until there were nearly 
seven miles of these sheds. 

The snowslide areas were confined 
to two sections of the line: (1) on the 
-ast slope in the Tumwater Canyon of 
the Wenatchee River between Leaven- 
worth and Winton, Washington; (2) 
on the west slope from the west portal 
of the old tunnel at Tye to Scenic, 
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MAP OF THE IMPROVED SECTION 


Excessive snow in this area necessitated several improvements, among them the Cascade Tunnel 
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where the old line is folded back on the 
steep mountainside. The map, Fig. 1, 
shows these limits. 

A program of improvement of the 
line which would eliminate the hazard 
and expense of the snowsheds was 
therefore undertaken; a program which 
at the same time would improve align- 
ment and grade. 

This plan consisted of three things: 

(1) The construction of a new line 
known as the “Chumstick Line,” 
about 191% miles long, which permitted 
the abandonment of the old line be- 
tween Leavenworth and Winton and 
gave a line on the east slope entirely 
free from snowslide danger. 

(2) The construction of a long tun- 
nel which would permit the abandon- 
ment of all of the line on the west slope 
subject to snowslides. 

(3) The electrification of the 75 
miles of line from Wenatchee (on the 





scenic ¥ 
FIG. 3. 


The triangulation system of verification is 
clearly shown 


SURVEY OF THE TUNNEL 


east slope) to Skykomish (at the foot 
of the west slope). 

The construction of the Chumstick 
Line and the electrification are in them- 
selves major construction projects, 
but their importance has been dwarfed 
by the outstanding nature of the tun- 
nel work with which this article deals. 

Following serious snowslide diffi- 
culties in 1910 the possibility of a long 
tunnel line was discussed and from 
time to time studies were made and 
different routes were considered. A 
very complete report was made in 1917 
by Mr. E. J. Beard, which gathered 
together all of the data then available 
and outlined the relative advantages 
and disadvantages of the various lines 
with projected long tunnels from seven- 
teen to eight miles in length. The 
longer tunnel lines gave maximum 
grades across the range of 1.4 per cent, 
while the eight-mile tunnel scheme left 
short sections of 2.2 per cent grade. 

It was apparent from Mr. Beard’s 
report that there was little likelihood 
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PLAN SHOWING 


RADIAL 
DRILLING FOR ENLARGEMENT 


FIG. 4. 


Depth of holes depends on thickness of concrete, 
which depends on character of rock 


of any scheme being justified financially 
except one which involved the shortest 
of the projected tunnels. Traffic is not 
heavy and the operating economies 
from using a lower summit, lower 
grades, etc., were not great. The main 
economy was that of the elimination of 
snowshed maintenance expense. That 
expense was practically ended by any 
one of the lines considered so that the 
conclusion was inevitably reached that 
if any line were built it should be a 
line directly from Berne on the east 
slope to Scenic on the west, involving 
a tunnel somewhat less than eight 
miles in length. Mr. John F. Stevens 
made a study of the subject in 1925 
and endorsed this conclusion. 

It was not until late in November, 
1925 that the Board of Directors 
authorized the work, and the engi- 
neers under Col. F. Mears, Assistant 
Chief Engineer, were faced with the 
difficult task of determining a final and 
accurate location under very adverse 
weather conditions. Figs. 2 and 3 will 
illustrate the work done. 

In the first instance, the line across 
the mountains was run with light 
mountain transits in order that con- 
struction work at the portals could be 
started without delay. Later precise 
transits were used and the line was 
finally established by means of a the- 
odolite having a 22-inch telescope and 
reading to two seconds of are. This 
theodolite when used was mounted on 
threaded sections of 6-inch pipe, the 
lower ends of which were embedded 
in concrete. 

The distance between portals was 
determined from a traverse illustrated 
by Fig. 3, the longest leg of this trav- 
erse being through the old 2.6 mile 
tunnel. 

As a final verification a triangula- 
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tion system was laid out which can also 
be readily followed from Fig. 3. 

The age of the snowsheds and the 
great saving from eliminating snow- 
shed maintenance, even for one year, 
made it particularly desirable that the 
work be done in three years — so that 
the new route could be used prior to 
the snowslide period of the 1928-29 
winter. 

Most of the long tunnels of the world 
have been laid out with summits at or 
near the middle so that work from the 
portals could be prosecuted success- 
fully, irrespective of water conditions, 
uphill from each end. In the case of 
the Cascade Tunnel the situation did 
not permit doing this and the entire 
tunnel as indicated by profile, Fig. 2, 
is on an up-grade of 1.565 per cent from 
west to east — the summit being close 
to the east portal. 

It was recognized that work from 
the east portal might be stopped if 
much water were encountered and it 
was, therefore, decided to attack the 
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The carrying out of the work was 
turned over to A. Guthrie & Co., con- 
tractors of St. Paul, Minnesota, on 
November 26, 1925. Camp construc- 
tion was started December 1, and 
excavation on December 14, 1925. The 
shaft at Mill Creek camp was begun 
January 30, 1926 and completed Au- 
gust 5, 1926. This shaft is a four-com- 
partment one, 8 by 24 feet, one opening 
being a pipe and safety way, two being 
used for balanced bucket hoists and 
one for the man and material hoist. 

The tunnel “line” was carried down 
this shaft by means of two piano wires 
set 19 feet apart, each carrying a 60- 
pound plumb bob. It was from this 
short base line that the centers were 
set for a distance of 3,300 feet easterly 
to the junction with the line from 
Berne — the error at that point (9,500 
feet from the portal) being: 


Alignment 0.23 ft. 
Elevation 0.20 ft. 
Distance 0.90 ft. 


Between Berne and the Mill Creek 


SHAFT 
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PLAN OF ATTACK BETWEEN SCENIC AND THE SHAFT 


The level of pioneer tunnel was dropped to drain the heavy water flow encountered 


work from three main camps — the 
first at the east end at Berne, the second 
at Mill Creek where the line crossed a 
valley at a point about 214% miles from 
the east portal and where the tunnel 
grade was 620 feet below the surface, 
and the third at the west end at Scenic. 

Unless unusually bad conditions 
developed it was clear that the section 
from the east portal to the shaft could 
be completed well within the time set 
and that the real problem lay in the 
section between the shaft and west 
portal at Scenic. 

In order to provide sufficient work- 
ing faces to meet the time schedule on 
the 514 miles between Scenic and the 
shaft, it was decided to follow the 
pioneer tunnel scheme (as was done in 
the case of the Simplon tunnel) and 
also to put down an incline shaft about 
half a mile east of the west portal. 
The necessity of this incline shaft arose 
from the fact that the ground at the 
west end of the tunnel consisted largely 
of mountain debris, disintegrated gran- 
ite, etc., and much time was required 
to work through this soft material. By 
putting down the incline shaft access 
was had directly to the more solid rock 
of the mountain, and the loss of time 
was avoided. From the incline shaft to 
the east portal the material encoun- 
tered was granite or altered granite 
with many faults, water-bearing seams, 
and in many cases graphite seams. 





shaft practically no water was en- 
countered and, ground conditions being 
fairly good, that work proceeded rap- 
idly both down hill from Berne and 
up hill from the shaft —the center 
headings meeting March 4, 1997. 
Enlargement of the center heading 
(Fig. 4) by radial drilling or by such 
other method as ground conditions 
necessitated, was started immediately 
thereafter from the Berne end only 
(Continued on page 80) 

















FIG. 6. 
The character of the rock required lining 
throughout 
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Valuation Engineering 





The problems involved in the appraisal of public utilities 


INCE the writer’s graduation, 
S eighteen years ago, there has 

developed a subject, then little 
known, which now claims a great deal 
of engineering thought and ability, 
whose technical terms are in constant 
daily use, although in many cases 
only partially understood by their 
users. This subject is the valuing of 
public utilities. The purpose of this 
article is to present a brief sketch of 
this division of engineering, some of 
its problems and their treatment. The 
information given can doubtless be 
found piecemeal in various weighty 
textbooks on law, appraisals, public 
utilities, indices, and on depreciation. 
These present not only the bare out- 
line given here, but a great many 
other matters besides. This article is 
designed not to weigh the value of 
one theory against another, as to the 
rights of property or of “the people,” 
but to give to the young engineer a 
brief picture of the work of the valua- 
tion engineer. 

About thirty years ago, the various 
states began to pass laws lowering the 
rates which utilities, such as water 
companies, gas companies, and rail- 
roads might charge for their services. 
These public utilities took refuge under 
the Constitution of the United States 
on the theory that their property was 
being used by the public without 
proper compensation and thereby taken 
from them without due process of 
law. This brought up immediately 
the question as to what was the value 
of the property involved, as rates 
which did not give a proper return on 
that value would be, in effect, confisca- 
tion. For over twenty-five years pre- 
ceding this time, prices had _ been 
declining from the peak existing at 
the time of the Civil War, as shown in 
Chart 1, which is the United States 
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Department of Labor’s wholesale price 
trend for the United States. The 
utilities claimed that they were entitled 
to a fair return on the money invested 
in the property and their opponents 
claimed that the cost to reproduce the 
property was the proper base on which 
to calculate the return. This was the 
natural reaction because at that time 
reproduction, and especially repro- 
duction less depreciation, was less than 
original cost. By reproduction is 
meant the cost to reproduce the whole 
property under the conditions and 
prices existing at the time in question. 
By original cost is meant what was 
actually paid for the property when 
it was installed. The courts at that 
time held that both original cost and 
reproduction must be considered in 
arriving at a _ valuation but that 
neither cost nor reproduction was the 
controlling factor. 

This valuation is the rate base upon 
which the return to the owner of the 
property is computed. The commis- 
sion or court must then determine the 
percentage on this valuation which 
the property will be allowed to earn. 
This percentage is called the rate of 
return, and generally varies, at the 
present time, from 7 per cent to 8 per 
cent. It may be more, but is rarely 
less, for the return on the property 
must be enough to attract investors 
to assume the risk which is attendant 
upon the business. If the return is 
too low, the utility will not be able 
to obtain from the investing public 
sufficient capital to properly supply its 
extensions. A simple example will 
best show how the rate base and rate 
of return are used. 

If, after considering all of the facts 
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in the case, the commission or court 
decides that the company’s valuation 
or rate base is $1,000,000, then it is 
entitled to earn a percentage or rate 
of return on this rate base, above its 
operating expenses, taxes, and de- 
preciation. That is, if operating ex- 
penses are $100,000, taxes $25,000 
and depreciation $40,000, then the 
property will be allowed to charge 
such rates as would return to it this 
$165,000 annually, plus $75,000, if the 
rate of return is fixed at 714 per cent. 
This $75,000 is the payment to the 
owners for the use of the property and 
it is entirely independent of whether 
the property is over-capitalized or 
under-capitalized. If the owners have 
issued securities for $2,000,000, then 
they are allowed to earn on only one- 
half of that amount; if they have 
been fortunate enough to be able to 
build their plant on $500,000 capital, 
they have a surplus of plant value over 
capital. It does not make any differ- 
ence whether they built the plant by 
subscriptions to common stock, which 
means they have no funded debt, or 
whether they built entirely on bor- 
rowed money; the valuation is still 
the same and the return is still $75,000. 

The courts in the early cases decided 
that there were at least four things 
which must be considered in a valua- 
tion or rate case, and that there might 
be others. These four were original 
cost, reproduction cost, market value 
of securities, and earnings under the 
rates proposed in the statute. Of 
these four, only two have survived. 
It was found that the market value 
of securities was in most cases abso- 
lutely dependent on the earnings of 
the plant, which were in turn de- 
pendent on its value and the rates 
charged, so that in this case, in two 

(Continued on page 66) 
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FINE WORK FROM 
FINE TOOLS 


One of the many striking charac- 
teristics of American life is the figure 
of the self-made man. And yet, how 
many of our captains of industry, how 
many of our leaders in the sciences 
and arts, are really, in the last sense 
of the word, self-made men? Unques- 
tionably, there are some who have 
literally “lifted themselves by their 
boot-straps,” who can claim entire 
and complete responsibility for their 
suecess. However, by far the majority 
of those whom we consider outstanding 
are graduates of the finest educational 
institutions of the country. They have 
had valuable friends who have con- 
tributed much to the development of 
their character and pointed the way 
to success, 

Here at Technology, we are offered 
exceptional advantages in beginning 
an engineering career. A_ brilliant 
instructing staff such as is ours im- 
plies a training in the fundamentals 
of the engineering professions which 
is second to none. The complete and 
constantly expanding equipment of 
the Institute laboratories affords prac- 
tical experience far beyond the possi- 
bilities of many technical schools 
either in America, or abroad. 

To us, as undergraduates, falls the 
responsibility of realizing the oppor- 
tunities which are being offered. No 
more than it expects inaccurate work 
from a machinist equipped with pre- 
cision instruments, does the world 
expect mediocre performance when we 
play our part. Having partaken of 
the best, we must give the best in 
order that we may prove ourselves 
worthy of the confidence of those who 
have dealt with us so generously. 


THE PHYSICIST 

The mention of a physicist brings 
to the minds of the uninitiated a 
picture of a somewhat grubby indi- 
vidual who spends most of his time in 
a laboratory, coming to the surface 
occasionally for food and sleep. That 
any young man should be willing to 
devote his life to physics is beyond 
their comprehension; they regard him 
as a specimen to be placed under a 
glass case. Perhaps the reason for 
this attitude is that the physicists of 
the past studied physics as a hobby, 
their real business being something 
else; and people who follow a hobby 
seriously rarely get any sympathy 
from anyone not similarly afflicted. 

The popular notion of the physicist 
has been changing since the beginning 
of the century. It has not yet reached 
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PROFESSOR JAMES R. JACK 

For the subject of the first of the series of faculty sketches 
which Taz Tecu ENGINEERING News is planning to present, 
Professor Jack, head of the Department of Naval Architecture 
and Marine Engineering, has been chosen. As one might 
expect, his life has been one that is closely related to the ship- 
ping industry. Born in Glasgow, Scotland, when he reached 
the age of six his parents moved to Helensburgh, on the bank 
of the River Clyde. His boyhood was spent in an atmosphere 
of the sea, as he daily watched new vessels sliding down the 
ways and others steaming up the river to the shipyards 
for repairs. 

When sixteen, on having completed the equivalent of our 
high school education, he started work in the shipyard of William Denny and Brothers 
as an apprentice. At that time, the subject of Naval Architecture was not taught at 
any of the leading schools, and the only way in which one might acquire a knowledge 
of it was in the industry itself. For two years he served his apprenticeship, continuing 
his studies in an evening school conducted for training men in the scientific side of 
shipbuilding. At the end of this time, successful in a series of competitive examinations, 
he advanced into the drafting room and began actual work on design. 

In addition to his regular work, he enrolled as a special student in the courses in 
Naval Architecture recently established at the University of Glasgow. While there, 
he won first honors in each of the four courses which he took. In 1894, the chair being 
vacant, he became Lecturer in Naval Architecture at the Royal Technical College in 
Glasgow, which, founded in 1796, is the oldest technical school in the world. 

From 1901 until 1914 he was Chief of Technical Staff of the Denny shipyard, and 
was responsible for the design of over three hundred fifty vessels, from Atlantic liners 
to high-speed gasoline motorboats. Under his direction, the first turbine propulsion 
merchant ship, the King Edward, and the first combination of a reciprocating steam 
engine and an exhaust turbine, the Otaki, were developed. 

At the outbreak of the World War in 1914, he took charge of the entire yard and 
although the war-time specialities of this shipyard were destroyers and submarines, 
many other craft adapted to war purposes were built as well. In addition to marine 
construction, the plant carried on airplane assembly, airplane propeller manufacture, 
and numerous other varied types of work. At the end of hostilities he was among the 
first to be decorated by King George V with the Order of the British Empire, then 
newly created as a reward for valuable war service. 

In 1919, President Maclaurin invited him to take charge of the Department of 
Naval Architecture and Marine Engineering upon the retirement of Professor Peabody 
in the following year. He accepted, and instead of directing the labor of 2,500 workmen 
in a bustling shipyard, he now draws upon his years of experience both in the theoretical 
and practical fields of the subject in the instruction and guidance of the eighty or 
ninety students enrolled in his course. 

In the professional societies, Professor Jack is a member of the Institute of Naval 
Architects (London), the Institute of Engineers and Shipbuilders (Scotland), and in 
this country, the Society of Naval Architects and Marine Engineers. He is a Fellow 
of the American Academy of Arts and Sciences and President of the New England 
Botanical Club. Among social organizations, he is a member of Theta Chi and Theta 
Tau fraternities, the Boston Propeller Club and President of the Boston Alumni 
Chapter of Theta Chi. 












the point where he gets the universal 
reverence that the engineer is accus- 
tomed to receive, but the large corpora- 
tions have been discovering that he 
is a very useful person. The demands 
on our schools for trained research 
men have reached the point where 
they cannot begin to fill them. Under 
the pressure of these requests the 
curricula of our schools are being 
gradually revised to meet the need of 
industrial corporations for men trained 
in the practical, industrial side of 
physics. There is, too, a tendency 
among corporations to leave in the 
hands of the person who has originated 
something new the engineering and 
the commercial developments asso- 
ciated with it, instead of setting him 
to work at something else. His success 
will depend on the number of different 
abilities he commands. The oppor- 
tunity for developing all the inherent 
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qualities a man possesses could hardly 
be equalled elsewhere. 


ELECTIONS 


The Managing Board of Volume X 
regrets to announce the resignation of 
Irvin R. Mitchell ’31 as Managing 
Editor. It takes pleasure in an- 
nouncing the following elections: Chris- 
tian E. Grosser ’31, Managing Editor; 
John H. Dodge, Jr. °31, Associate 
Editor; Charles W. Rankin ’31, Assis- 
tant Managing Editor. 

THE COVER 

“The Hudson River Bridge Under 
Construction” is the title of this 
month’s cover illustration by O. Kuhler, 
reproduced through the courtesy of 
the Schwartz Galleries. It shows the 
New York tower of the 125th Street 
bridge, which, on its completion, will 
be the largest suspension span in the 
world. 
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Abstracts from the leading professional and trade journals 


The Burnelli Monoplane, ‘‘Air- 
liner,’’ recently constructed, is one 
of the latest evidences of the rapid 
strides being made in the development 
of modern aircraft. 

The fuselage of the plane, which is 
especially designed to reduce landing 
speed, is 36 feet long and 12 feet wide 
and has a lift of four pounds per 
square foot. The wings, which are 
of the transverse stringer type, have 


and mirror are dispensed with and 
instead, fourteen high power incan- 
descent lamps are arranged in a row 
in front of six mirrors of special optical 
glass which are parabolic in the 
vertical cirection and plane in the 
horizontal. The mirrors are each 
36 inches high and 15 inches wide. 

Due to the parabolic construction of 
the reflecting surfaces, none of the 
light rises into the air high enough 





Courtesy Aero Digest 


NEW MONOPLANE WITH WHEELS RETRACTED 


a square foot lift of about 141% pounds. 
In order to minimize the wind resist- 
ance, the ship is fitted with a retract- 
able landing gear that can be operated 
by a lever from the cockpit. The 
wheels may be retracted in seventeen 
seconds and extended again for landing 
in eight seconds. When the wheels are 
retracted, a red electric light serves 
as a warning to the pilot. 

Power is obtained from two motors 
of 700 h.p. each, which are mounted 
on a triangular frame so that they 
may be swung out from their original 
position, making repairs much _ less 
difficult. Two 280-gallon tanks in 
the wings and one 440-gallon tank 
in the cabin furnish the fuel for the 
mammoth engines. The “Airliner” 
has a cruising speed of 115 miles per 
hour and a maximum speed of 145 
miles per hour. 

In designing the interior of the 
cabin, every effort was made to furnish 
it in the most luxurious manner pos- 
sible. The chairs are heavily up- 
holstered and may be made to assume 
any position from upright to recum- 
bent. There are electric lights through- 
out, several base plugs even being 


provided for reading lights. As a 
final refinement, the cabin is made 


soundproof with Balsam Wool, and 
the engines are muffled so that the 
plane rides as quietly as an auto- 
mobile. 


A New Airport Floodlight of three 
million candlepower has been perfected 
for use in large airports. In the new 


light, the conventional circular lenses 





to interfere with the vision of a pilot 
landing directly into the beam of the 
light, but the light is spread over the 
field where it is most needed. 


Fuel Oil has been successfully used 
as a fuel in bus operation in a recently 
developed system requiring no com- 
plicated mechanism, and in which 
starting may be accomplished without 
the use of gasoline. 

The key to the development is the 
Godward gas generator, which is an 
aluminum pot having a series of sta- 
tionary thin curved plates which 
radiate from a central core. The 
bottom edges of these plates rest on 
the aluminum pot which is heated 
by the exhaust of the engine, and the 
fuel, which is usually 38-42 Baume 
Oil, is drawn in by a standard car- 
buretor, over the surfaces of the 
warm plates, which converts it into 
dry gas. The gas then passes through 
the intake manifold into the cylinders. 
In starting, the fuel is heated by 
means of an electric heating unit, 
which receives energy from a storage 
battery using 80 amperes at 12 volts 
for about one minute. Also a special 
intake manifold is used which has no 
sharp bends, high spots, or pockets, 
and has larger cross sectional areas, 
all of which allows an increase in the 
quantity of mixture entering the 
cylinders, thereby increasing the volu- 
metric efficiency of the engine. 

No special equipment is needed, 
and gasoline may be used instead of 
fuel oil whenever needed without 
making any adjustments. With a 
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reduction of nine per cent in fuel con- 
sumption and five per cent in carbon 
monoxide content of the exhaust, fuel 
cost has been diminished 29 per cent. 


A Battleship of only 10,000 tons 
displacement, one of four provided 
for in the present armament program, 
is now under construction in Germany. 

The ship, though no larger than a 
cruiser, is almost as heavily armored 
as a dreadnought. It has six 11-inch 
high angle guns mounted in triple- 
armored turrets and firing three shots 
per minute at a maximum range of 
30,000 yards, eight 6-inch rifles, anti- 
aircraft guns, and six deck torpedo 
tubes. Its cruising range is 10,000 
miles at a speed of 20 knots, and it has 
an announced maximum speed of 26 
knots. In order to incorporate these 
many advantages in a ship of only 
cruiser size it was necessary to use a 
special light steel developed by the 
Krupp engineers, electrically welded 
seams and joints throughout, and to 
use extraordinarily light Diesel engines 
weighing only 17 pounds per horse- 
power. These engines, developing 
50,000 horsepower, add enormously to 
the cost of the ship, the total of which 
is reported to be about $20,000,000. 


The World’s Largest Steam Loco- 
motive, measuring three times the 
length of a freight car, has been built 
for the freight service of the Northern 
Pacific Railroad. 

This iron giant, riding on 34 wheels, 
is of the four-cylinder simple Mallet 
type, has a length of 125 feet, a width 
of nine and a half feet, and a height 
of sixteen feet, four inches. Complete 
with coal and water, it weighs 1,116,000 
pounds and has a normal tractive 
power of 140,000 pounds. The enor- 
mous firebox, which is twenty-eight 
and a half feet long and nine and a 
half feet wide, has a grate area of 
182 square feet and is equipped with 
five thermic siphons, three of which 
are in the firebox and the other two 
in the combustion chamber. A special 
mechanical stoker can, at a maximum, 
distribute 2214 tons of coal an hour, 
while the tender has a capacity for 
27 tons of coal and 22,000 gallons of 
water, the latter being supplied to 
the boiler by two centrifugal pumps. 

Because of its enormous power this 
locomotive is to be used along a 
216-mile stretch in Montana and 
North Dakota where it is impractical 
to set up helper or pusher districts 
for the grades there. 
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A Rubber Lumber, 


“* \eroboard,” 


struction. | 
The material is essentially 
sheets of thin hard rubber with 


filling of rather hard sponge rubber 
between them, and a fabric woven in 


to give strength to the material. It removing any water, by excavating 
is also possible to make one surface the site with dredges, laying steel 
of the material either of fabric or trusses across the dock on _ timber 
metal. When metal is used, it is_ piles, and finally placing concrete 
welded on the rubber by the “Vulca- between the trusses. When this is 
lock” process. finished, the area will be pumped out 


Besides being used for aircraft con- 
struction, the rubber lumber is also 
excellent for use in speedboat con- 
struction because it has light weight, 
great strength, waterproof qualities, 


and ease of handling. 


Burning Away Stumps of trees 


as 
has been put on the 
market for use in light aircraft con- 


two 
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of concrete to make it watertight, 


flow. The center of the dock is open, 


The 


by drainage pumps. 


with the inner dock, which 
completed about the same time. 


large 48-inch spiral screw 
driven by two 700 horsepower motors, 


making it possible to unwater the 


dock in less than two hours. 


rather than digging or blasting them 


out has come much into favor among 
farmers since the announcement of a 
method whereby cost may be reduced 
to as little as one tenth of that of 


tion was recently installed in the 
Hell Gate plant of the United Electric 
Light and Power Company. The unit, 


blasting. which is a cross compound machine 

To a conventional vacuum cleaner consisting of a high pressure unit 
is attached a special fitting which running at 1,800 r.p.m. and a low 
allows six or eight 54’’ or 1” hoses pressure unit running at 1,200 r.p.m., 


to be fitted to the end from which 
These hoses 


the dustbag is removed. 
are then attached to pipes which 
turn are inserted into holes 
drilled a few inches into the 
different parts of the stump 
or stumps. At the bottom of 
ach of these holes is placed 
a burning piece of charcoal 
which, fanned by the blast of 
air from the pipe, soon ignites 
the stump. As the wood burns 
away the pipe is pushed far- 
ther and farther in until finally 
the roots themselves are 
reached. Large stumps have 
been found to take from eight 
to twenty hours, depending 
upon how wet and how rotten 
they are. 
The advantages of this 
method are that roots may be 
burned out far down into the 
ground without digging or 
blasting and consequently with 
little filling to be done after- 
ward, and the entire job may 
be done by an unskilled person. 
A New Graving Dock, which’ will 
be the largest in New York harbor, is 
now being constructed in Erie Basin, 
Brooklyn, for the Todd Shipyards 
Corporation and is to be completed 
this fall. This dock will be 715 feet 
long, 113 feet wide at the top, 93 feet 
wide at the bottom, and will have a 
floating steel gate weighing 500 tons. 
The inshore and outshore sections 
are being constructed separately. The 
construction of the inshore 500-foot 
section of the dock is unique, for, in- 





has a maximum output of 160,000 kw. 


The most economical output is 
90,000 kw. 
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INSHORE SECTION OF NEW GRAVING DOCK 


When running at maximum load 
and non-bleeding, 1,710,000 pounds 
of steam per hour or 3,600 gallons of 
water per minute are admitted to the 
turbine. 


Bobbin Support Breakage is elim- 
inated in a new loom, for no part of 
the support enters the shuttle to drop 
the bobbin so that the shuttle may 
pull forward the thread in the process 
of weaving. 

A swing arm is hung from the center 


stead of requiring an immense amount 
sheet piling is used to cut off the water 
allowing ground water to drain up 
a through the floor and be discharged 


outshore 
section is being constructed without 


and the walls and floors connected 
will be 


The pumping plant will have two 
pumps 


The Largest Turbine now in opera- 
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of the support to feed the bobbins 
down through the hopper stand. This 
arm has a spring on it to bring it back 
to position for taking another bobbin 
after it unloads a bobbin. This gives 
it a backward motion instead of the 
downward motion which is character- 
istic of the common bobbin support 
arm. 

With this latter type of arm, if 
it does not come up immediately due 
to a too large yarn package, yarn spun 
over the rings, or some loose parts in 
the hopper stand, the shuttle breaks 
off the arm, which is a familiar nuisance 
and expense. 

The change has reduced the number 
of incomplete transfers of the bobbin 
from support to shuttle to a minimum 
and results in a loom more effectively 
automatic, with less stops, and fewer 
and easier repairs. 


A New Accelerating Clutch is now 
being manufactured for use between 
an electric motor and the driven ma- 
chine that greatly reduces starting 
torque and permits the machine to 
start with a uniform acceleration. 

The clutch, which similar in 
principle to the ordinary disk clutch, 
is mounted as a coupling and operates 
entirely by centrifugal force. Friction 
is produced between a metal disk 
keyed to the shaft of the 
motor and frictional surfaces 
that revolve with the machine 
being driven. In operation, 
adjustment is made so that 
there is just enough friction 
to cause the machine to ro- 
tate after the motor has 
reached its maximum speed. 
As the output shaft gradually 
rotates faster, weights that 
revolve with it are thrown 
outward by centrifugal force, 
and push rods connected to 
them cause more friction in 
the clutch and a consequent 
increase in speed. At full 
speed the friction is so great 
that the clutch becomes a 
solid coupling. 

A clutch of this type has 
the advantage of permitting a 
smaller motor and a_ less 
complicated electric control. 
It also protects the motor from 
overload by allowing it to run almost 


1S 


free when the speed is_ retarded 
greatly. 


Hydrogen Gas is now being used to 
cool electric machinery in a new sys- 
tem. By including the gas within a 
totally encloséd rotating machine, the 
effect of corona on the insulation is 
eliminated and fifty per cent more 
power may be obtained without in- 
creasing the operating power above the 
safety point. 














DEPARTMENT OF 

AERONAUTICAL ENGINEERING 
HE new Daniel Guggenheim Aero- 
nautical Laboratory, which was 
dedicated last June, has proved 
indispensable in taking care of the 
large increase in the number of stu- 
dents in Course XVI. Various minor 
items of work which were not finished 
when the building was occupied have 
now been completed, and the new 

facilities are in full use. 

A laboratory for the new work in 
Meteorology has been equipped under 
the direction of Prof. C. Rossby, 
whose appointment as Associate Pro- 
fessor of Meteorology last September 
was made possible by a grant from the 
Daniel Guggenheim Fund for the Pro- 
motion of Aeronautics. A forty-foot 
steel tower carrying a wind direction 
indicator and an anemometer has been 
erected on the roof, and other meteor- 
ological instruments have been in- 
stalled in a small house at the base of 
the tower. An intensive program of 
courses in Meteorology is being offered, 
and a group of six officers has been 
assigned to the Institute by the Navy 
Department to take these courses. 
These officers were prepared for this 
work at the Post Graduate School, at 
Annapolis. The courses are open also 
to other students in the Institute. 

A new five-foot wind tunnel, of the 
same design as the present seven and 
one-half foot tunnel, is rapidly near- 
ing completion in the smaller of the 
two wind tunnel rooms in the base- 
ment of the building. It will be used 
both for research and for instruction. 
With the completion of this tunnel the 
Institute will have three wind tunnels 
in operation. 

Preparations are being made to move 
the equipment of the Aero Engine 
Laboratory to the new building which 
has been erected behind the Daniel 
Guggenheim Aeronautical Laboratory. 
This new power plant laboratory will 
afford materially increased facilities 
for research work in aircraft power 
plants, and will give the Institute ex- 
ceptional facilities for these studies. 

Picf. W. G. Brown has been engaged 
during the past term in procuring 
equipment for the new aircraft instru- 
ment laboratory. This equipment is 
intended particularly for the testing 
and calibration of the instruments 
which are used in airplane performance 
testing, and will make it possible for 
members of the staff to conduct per- 
formance tests on commercial airplanes 
and to certify to the results of the 
tests. Under the direction of Professor 


Brown, Mr. Kelsey has been designing 
a new machine for testing wing ribs 





Departmental Notes 


which promises to do this work much 
more quickly and conveniently than 
has been possible with machines of the 
types now in use. Construction of the 
new testing machine has been started. 

The policy of limitation of students 
in Course XVI, which was announced 
last spring, has now been put into effect 
with the class of 1931. Of sixty fresh- 
men who applied for the course, thirty 
were accepted. It appears that a very 
fine group of men has been obtained, 
and the faculty is watching their work 





PROF. DAVIS R. DEWEY 


Head of the Department of Economics and 
Statistics, and in charge of the course in Engi- 
neering Administration. 


with a great deal of interest. The num- 
ber of candidates for Course XVI in 
this year’s freshman class is consider- 
ably larger than in that of last year 
and the selection will therefore be still 
more rigorous, as only thirty men are 
to be taken. The applications for 
transfer to Course XVI from other 
colleges and from other courses in the 
Institute are being studied with un- 
usual care, and many of the transfer 
students have been required to register 
as unclassified. They will be admitted 
to the course when they have shown 
that they can do as good work as that 
being done by the average of the men 
already in the course. 

The number of institutions giving 
courses of college grade in Aeronautical 
E ngineering is increasing very rapidly, 
and it is felt that the policy of the 
Institute in sacrificing quantity to 
quality is more than justified. 

Cuares H. CHatriexp. 
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DEPARTMENT OF 
ECONOMICS AND STATISTICS 


During the past year the Depart- 
ment of Economics has taken steps 
to widen its activity and opportunities 
for students in the Course in Engi- 
neering Administration by securing 
the appointment of Fairfield E. Ray- 
mond as Assistant Professor of Indus- 
trial Research. During the last twenty 
years industrial engineers have de- 
veloped management technique in a 
wide number of scattered establish- 
ments. Notable work in this field 
has been fostered by the ‘Taylor 
Society. A large amount of expe- 
rience has been gained, but as yet 
it lacks coérdination, in order to lay 
down, if possible, universal principles 
which are applicable to management in 
general. This growing appreciation of 
the need of improved technique in 
management is further seen in the 
recent establishment of a Management 
Division of the Society of Mechanical 
Engineers; by the organization of an 
Institute of Management by the Amer- 
ican Management Association, and by 
the proposed efforts of the Department 
of Commerce to make investigations 
of certain problems relating to manage- 
ment. It will be the effort of Professor 
Raymond to bring together this scat- 
tered experience and make the results 
of various industrial research organ- 
izations more available for depart- 
mental service and study. 

Mr. Raymond will also devote atten- 
tion to certain concrete problems, as 
for example: Economic production 
quantities; obsolescence and deprecia- 
tion; economic factors of equipment; 
determination of order point and mini- 
mum stock; economic factor of spoilage 
and inspection; economic purchase 
quantities. 

During the last two months he has 
given special attention to the practical 
application of the theory of economic 
production quantities to specific indus- 
tries, in order to demonstrate that the 
general formula can be simplified to 
suit each case. A rapid method for 
selecting suitable expressions has been 
developed, including certain limits for 
governing their use. It was found that 
considerable variation from the eco- 
nomic quantities would be permissible 
and that greater latitude in the con- 
trol of production schedules could thus 
be obtained. The value of such re- 
search is emphasized by the fact that 
several industrial concerns have shown 
interest in having this study extended 
to include their specific problems. 

One of the most important problems 


(Continued on page 70) 
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up” 
the spirit of 
industry... 


OR every race or game or debate 
that one team wins, another must 
lose... It’s forever ‘‘thumbs up”’ 
or ‘‘thumbsdown’’, according to 
which side you are on. But in 
industry there’s one side only. 
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Enlightened industry backseverymanon 
herteams. Forit is to industry’sadvan- 
tage to see that every man makes good. 

Here you have an inspiring picture. 
Co-operation. The ‘‘vet’’ encouraging 
the novice. All industry rooting for 
achievement. 

It is not surprising then that so many 
men have found the interests of 
after-college years fully as broad 
and as absorbing as those of un- 
dergraduate days. 


Western Electric 





SINCE 1882 MANUFACTURERS FOR THE BELL SYSTE™ 








Recent Books 


This department conducted in co-operation 


Speech and Hearing. By Harvey 
Fietcuer, Pu.D., Acoustical Research 
Director, Pell Telephone Laboratories, 
Inc., D. Van Nostrand Co. Inc., New 
York. XV+331 pages, illustrated. 
Price $5.50. 

Recent developments in telephone 
engineering have made necessary a 

vast amount of research on how man 
speaks and how man hears. Much of 
this research has been conducted at the 
Bell Telephone Laboratories, New 
York City, and results have been pub- 
lished from time to time in our leading 
scientific journals. This work by Dr. 
Fletcher has for its main purpose a 
collection of these researches in book 
form, and it should be gratefully re- 
ceived by those interested in this phase 
of acoustics. 

The book is broadly divided into 
four parts. Part one deals with the 
mechanism of speech, artificial pro- 
duction of speech sounds, speech 
power, statistics of the frequency of 
occurrence of different speech sounds, 
and the development of methods for 
the recording of speech waves, includ- 
ing a discussion of such apparatus as 
the phonautograph, the phonograph, 
and the high quality oscillograph. The 
author favors the universal adoption 
of the “Decibel” as a unit to represent 
levels of intensity. 

Part two deals with the characteris- 
tics of musical sound waves, acoustic 
spectra of musical instruments, ranges 
of frequency and intensity for music, 
and some physical properties of noise. 

Part three deals with the mechanism 
of the ear, the functions of the various 
parts of the ear, mechanism of nerve 
conduction, frequency and _ intensity 
sensibilities, masking and methods for 
testing acuity of hearing. 

Part four is devoted to the percep- 
tion of speech and music, methods of 
measuring the recognition of speech 
sounds and effects of change in in- 
tensity, frequency distortion, noise and 
deafness on the recognition of speech 
sounds. 

This work is not complete because 
so many of the problems involved are 
in their infancy and adequate solutions 
are yet to be found. Dr. Fletcher is to 
be congratulated, however, in giving 
us such an up-to-date as well as ex- 
tremely fascinating treatise. 


W. R. Barss. 


Fundamentals of Quantitative 
Analysis. By Wa.rrer C. BLAsDALE. 
403 pages, illustrated. D. Van Nos- 
trand Co., Inc., New York. Price $3.75. 


In this third edition of the text the 





author has revised and amplified the 
material included in the previous edi- 
tions. The book is intended as a col- 
lege text for a year’s work by students 
having at least one year of general i in- 
organic chemistry. The theoretical 
chemistry underlying the methods 
taken up is gone into in detail and the 
homogeneous and heterogeneous equi- 
libria upon which such processes de- 
pend are discussed and emphasized. 
Problems of a general nature, as well 
as those involving stoichiometry, are 
included. The author assumes that 
emphasis on the later type of problem 
is not necessary. 

The book is well arranged, discussing 
the major methods of quantitative 
analysis in some detail and includes a 
sufficient number of well chosen de- 
terminations to illustrate them. The 
nine sections into which the work is 
divided discuss in this order: General 
Features of Gravimetric Processes, 
Gas Evolution Processes, Precipita- 
tion Processes (includes electrolytic 
methods), Solution and Extraction 
Processes, Partition Processes, General 
Features of Volumetric Processes, 
Processes Involving Precipitation, In- 
volving Neutralization and Displace- 
ment, and Involving Oxidation. These 
sections are subdivided into chapters 
which treat the general theory, sources 
and extent of errors, and the laboratory 
work. 

The major points of difference be- 
tween this text and the usual texts on 
quantitative chemistry is the well 
placed, although unusual, attention to 
the theoretical details and the accuracy 
of the methods; The laboratory de- 
terminations are described completely 
in theory and manipulation, often illus- 
trated by diagrams. The author's 
choice of title amply describes its scope 
which includes more processes than 
most such texts. Altogether the book 
is well written, well printed and should 
prove very suitable for the purpose for 
which it was intended. N. F. G. 


Practical Flight Training. By 
Lirut. Barrett Stupiey, U. S. N. 
The MacMillan Company, New York, 
1928. 429 pages, 160 illustrations. 
Price $5.00. 

This volume is written primarily as 
a reference textbook for students be- 
ginning their flight training. Its sub- 
ject matter has been compiled and 
arranged so as to be of maximum bene- 
fit, based on Lieutenant Studley’s ex- 
perience as an instructor at the Naval 
Air Station at Pensacola, Florida. It 
is not a proposition of “Learn to Fly 
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with the faculty 


in one volume’’; it is intended as a 
manual to be used in conjunction with 
a regular flight training school course. 
Much general material, such as De- 
partment of Commerce regulations, 
has been added, and material which 
would be of strictly naval interest has 
obviously been omitted. It is well 
written in understandable and largely 
non-technical language. Paragraphs 
throughout the book have been titled 
and numbered, and frequent outlines 
given. In an effort to illustrate the 
right and the wrong way to do things, 
good photographs of modern equip- 
ment are freely used. These are aided 
by clear drawings of procedures, etc. 

The book covers the handling of 
heavier-than-air craft, both landplanes 
and seaplanes. The first ten chapters 
are devoted to discussions of general 
flight problems, flying course proce- 
dures, personal qualifications, and an 
excellent discussion of the question of 
safety in flight training and precau- 
tions to be taken. 

In Part III, Elementary Flying, 
simple maneuvers are taken up in 
order, and a detailed chapter is devoted 
to each. Taxying, Turns, Landings, 
Stalls and Spins, and The First Solo, 
are among the chapter headings. The 
paragraphs cover each variation of the 
maneuver and the chapters generally 
end with a discussion of common faults 
and safety precautions. 

In Part IV, advanced flying is cov- 
ered through acrobatics, night flying, 
formation work, cross country, and 
navigation. This advanced flying is 
treated in the same manner as before, 
but not in such detail. The remainder 
of the volume is devoted to a good dis- 
cussion of the flying school, its system, 
organization, and the arrangement and 
conduct of flying courses. There is a 
section for the instructor himself with 
suggestions as to how to be of most 
help to the student. A. bibliography, 
nomenclature, and glossary of common 
terms heard in connection with air- 
planes is appended. 

The book is well arranged, modern, 
and written by an officer who is thor- 
oughly familiar with his subject. If the 
reader expects to be able, on having 
completed the volume, to step into a 
cockpit and qualify for a pilot’s license, 
he is likely to be disappointed. How- 
ever, if he desires a book of valuable 
reference, one which can give him an 
advance idea of the situations which 
he is likely to encounter in the air, 
he will find its study well worth 
while. 


J. GR. 
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General view of the United States Military Academy, West Point, N. Y, 











ROBABLY no single spot in this country is more widely known 
than West Point, where our future army commanders receive 
their education and training in the arts of war. 







As an army post in the Revolution, West Point’s fortifications 
were the works that Benedict Arnold attempted to deliver into the 
hands of the British. Later the United States Military Academy was 
established and is now composed of magnificent buildings, parade 
grounds and athletic fields. 











It is a source of pride to the Otis organization that most of the 
famous buildings of the world are equipped with Otis Elevators and 
West Point is noexception to this rule; five Otis Elevators are installed 
in various buildings of the Academy. 











Throughout the world, in far-off places and at home in familiar 
surroundings, we find that people everywhere depend upon Otis for 
safe, speedy Vertical Transportation. 






OTIS ELEVATOR COMPANY 


OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD 
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jumps you arrived back at the start- 
ing point. In regard to the earnings 
under rates fixed by law, the sufficiency 
of these was also entirely dependent 
upon value, so that you returned to 
the starting point in one jump. This 
left, then, original cost and _ repro- 
duction cost as the two factors which 
represented the high limit and the low 
limit respectively. Since the rise in 
prices from 1914 to 1920, the positions 
have been entirely reversed and repro- 
duction cost is now the high limit and 
original cost the low limit, in most 
cases. 

The reproduction cost new is now 
generally taken less depreciation. 
Owing to the difficulty in many cases 
of finding the original cost, this is often 
replaced by what is known as histor- 
ical cost. To find historical cost, an 
inventory is made up at some pre-war 
date, such as 1914, of the property in 
existence at that time, which inven- 
tory is then priced with prices which 
are considered an average, or to be 
typical of, that date. The cost is then 
brought down to date by the use of 
the net additions. generally taken from 
the books. The low limit is sometimes 
lowered by deducting depreciation 
from the original or historic cost. With 
the very notable exception of the Inter- 
state Commerce Commission, there has 
been in recent years a steady trend 
towards reproduction new, less depre- 
ciation as a measure of value for rate 
making purposes. Where commissions 
do not base their value on reproduc- 
tion new, less depreciation, they gen- 
erally give it a very decided weight. 


Valuation Engineering 


(Continued from page 58) 


The problem then arises of deter- 
mining reproduction new and repro- 
duction new less depreciation, and at 
this point the valuation engineer 
enters. 

There are two principal methods of 
determining the cost to reproduce a 
property. The first is for the engineer 
to set up from his judgment, backed, 
of course, by his experience, the 
amount required to replace the prop- 
erty, under the theory that all con- 
ditions are those of the present day 
except that the particular utility does 
not exist. The reproduction cost of 
the property is thus estimated under 
modern conditions. In reproducing, 
for example, a street railway, though 
the excavation of track was originally 
made with pick, hand shovel, and 
dump carts, it may now be estimated 
to be made with power shovels and 
trucks. The engineer’s estimate, in 
many cases, will practically parallel 
and be equal in detail to the one which 
he would make for a contractor about 
to bid on similar work, with one great 
difference, that it is probable that the 
contractor would include much larger 
percentages for omissions and con- 
tingencies than are generally allowed 
in valuations. 

After this estimate has been made, 
there are added certain costs known 
as construction overheads. These con- 
sist of such items as 5 per cent for 
engineering and superintendence, of 
sums for taxes and insurance during 
construction, and sums for other 
expenses which would be incurred if 
the property were to be reproduced 


Cost InDEx FoR WoopeN Prer, WHERE THE Cost or TimBEeR, LaBor on Deck, 
AND PiLes in PLAce, ARE Equa IN Base YEAR 


Structural 





Timber 

Year 2 a 

Cost of 

Trend Pasta Trend 

1914 100 33. plus 100 
1915 92 30 111 
1916 119 36 11] 
1917 167 56 117 
1918 237 79 117 
1919 209 70 133 
1920 250 83 167 
1921 209 70 161 
1922 | 226 75 156 
1923 242 81 | 158 
1924 231 77 153 
1925 234 78 150 
1926 226 75 150 
1927 218 73 150 
1928 218 73 150 


The above trends are based on actual costs for this particular location. 


carpenters received 34 cents an hour until 1917, 


60-Foot Pile | 
in Place 


Dock 


Carpenters 





ee Index 
Cost of Trend Cost of 

Elements ren | Elements 

33 plus | 100 33 plus 100 
37 | 100 33 101 
37 100 33 106 
39 203 68 163 
39 203 68 186 
44 203 68 182 
56 203 68 207 
54 203 68 192 
52 203 68 195 
51 203 68 200 
51 203 68 196 
50 203 68 196 
50 903 68 193 
50 203 68 191 
50 203 68 191 


) For instance, dock 
since when they have received 69 cents. Most 


labor has shown a greater variation and in many cases a much greater rate of rise, sometimes to 
as much as triple pre-war, but this example has been selected because it is both real and very simple. 
his index shows a drop since 1923 but this has not been a general tendency. 
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over a period of two, three, or four 
years. These construction overheads 
are an actual part of the cost of the 
property and are as necessary for its 
reproduction as the actual labor and 
material which are frequently referred 
to as the “barebones cost.” The valu- 
ation engineer should have a firm basis 
for his costs and must be prepared to 
defend them against a very sharp 
attack. Experience in construction 
and dealing with men and materials 
is a help. 

The other principal method of 
finding reproduction new cost, or 
present undepreciated value, is by the 
use of an index. There are many 
methods of making an index, such as 
by the use of the geometrical or har- 
monic mean, the median or the mode. 
However, the index principally used 
in valuation work is based on an 
analysis of the cost of the elements of 
the structure in question in the year 
used as a base, treated in the following 
manner: The same quantities of the 
elements, both labor and material, are 
priced in each year or month for the 
period in question and the indicated 
costs of the structure thus found are 
divided by the cost in the base year 
and the results of these divisions form 
the index. For instance, the writer 
was once asked to check the valuation 
of a wooden pier. From experience, 
it was known that in this particular 
piece of work, the piles in place, the 
structural timber, such as 12 x 12 
and 4 x 12 Georgia pine, and the 
labor of dock carpenters were approx- 
imately equal in cost in the year it 
was built. Having the typical cost of 
these three elements in the year the 
pier was built and in the year of the 
valuation, it was possible to compile 
immediately a simple index which 
gave the relation between the cost of 
the pier when built and its probable 
cost to reproduce today. In this 
particular case the results obtained 
by applying this index to original cost 
checked the detailed estimate within 
less than one half of one per cent. This 
is, of course, much closer than there 
was any right to expect. 

The principle involved in construct- 
ing engineering indices may, perhaps, 
best be illustrated by following this 
simple case through and constructing 
an index for it. Every dollar of 1914 
pier cost of this particular type rep- 
resented approximately thirty-three 
and a third cents worth of labor, 
thirty-three and a third cents worth 
of piles in place, and thirty-three and 
a third cents worth of structural tim- 
ber. There is given in the preceding 
table the trend of the cost of these 

(Continued on page 68) 
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Lesson No. 1 of 


BLASTERS’ HANDBOOK 


LL explosives are solids or liquids that can be instantaneously con- 

verted by friction, heat, shock, sparks or other means into large 

volumes of gas. That sounds simple, but this fundamental principle 
of the action of explosives is modified by a host of circumstances. 


First there are “high” and “‘low” explosives. Then there are all the 
circumstances of purpose, methods of loading and firing and handling 
and storing. Explosives are measured principally by these general char- 
acteristics: Strength, Velocity, Water Resistance, Density, Fumes, 
Temperature of Freezing, and Length and Duration of Flame. 


Chapter One of the Blasters’ Handbook makes this seemingly compli- 
cated subject very easily mastered. Charts and tables explain relative 
energy of different strengths. Other characteristics are explained in 
classroom terms, and amply illustrated. 


Many of the leading technical colleges, universities and schools are 
using the Blasters’ Handbook in their classroom because of its perfect 
practicality. Made up by du Pont field service men out of their own 
experience in a great many fields over a great many years. The text- 
book of the ‘‘school of experience.” 


You ought to have this experience text-book. 
A valuable reference and studywork. Yours for the mere asking. 
Here’s a coupon for your convenience. 








REG, U, S, PAT. OFF. 


E. I. DU PONT DE NEMOURS & CO., Inc., Explosives Department, Wilmington, Delaware (TE-3) 


Without cost or obligation on my part, please send me a copy of the “Blasters’ Handbook.” 














three elements based on the actual 
cost, with 1914 as a base year, and the 
amount of money that this item would 
have cost in each of the succeeding 
years. For instance, dock carpenters 
received thirty-four cents per hour in 
1914 (do not confuse with thirty-three 
plus which is one third of the 1914 
dollar) and they received sixty-nine 
cents per hour in 1928, therefore, the 
same hour’s work which cost thirty- 
four cents in 1914 would cost sixty-nine 
cents in 1928. 

The elements and index are shown 
graphically on Chart 2. 

By the use of this index we find that 
the pier which cost $10,000 in 1914 
will cost $19,100 in 1928. It would 
be better, perhaps, as an illustration, 
had some weights been used which 
were not equal, but this index is the 
simplest one that the writer has ever 
constructed and it is desirable that an 
example should be practical. 

With Mr. W. W. Pagon °07, the 
writer once constructed an index for 
the Efficiency and Economy Com- 
mission of Baltimore, which was used 
to find the present-day value of the 
bridges of that city in order to write 
that value on a new set of municipal 
books. The weights of that index are 
given below. 





STANDARD 
INSTRUMENTS 
OF PRECISION 








C.. L. Berger & Sons, Inc. 


Established 1871 
37 Williams St., Boston 19, Mass. 








Valuation Engineering 
(Continued from page 66) 


Wercuts Usep tx Cost INDEX oF 
City Bripces or BALTIMORE 


Piles in place... . . 10.0% 
Cement... 11.38% 
SS Relegers 2.3% 
Gravel 6.7% 
Stone aggregate... .. -" 1.5% 
Building stone 4.0% 
Bridge and form timber. 13.4% 
Common labor. . . 13.4% 
Form carpenters 6.1% 
Bridge carpenters........ 4.0% 
Masons....... 6.5% 

Structural Steel: 
Material........ 7.0% 
Labor. Sind. dehie oe Ata 8.0% 
Reinforcing steel... ... ys kor nates 5.8% 
100.0% 


(The index based on these weights was 
published in The Annalist, June 29, 1928.) 


The most widely known index of 
prices is not a construction index but 
is one of wholesale prices. It is con- 
structed and issued monthly by the 
United States Bureau of Labor Statis- 
ties of the Department of Labor. This 
index is based on the value of all of 
the manufactured products listed by 
the United States Census together 
with the agricultural products of the 
country. This value is the base. 
The same amount and variety of 
goods are then priced in each year of 
a period of years and the results 
divided by the value of the base year 
give the index. Although this index 
is the most widely known and used, 
it will differ from a construction index 
because of the fact that labor has 
increased out of proportion to com- 
modities, and although the Bureau of 
Labor Index is now about one and a 
half times its 1913 base figure, the 
construction indexes today are prac- 
tically double or over their base 
years. ° 

The foregoing discussion may seem 
to give rather undue weight to in- 
dices, but they are becoming of 
greater importance all the time and 
it is felt that the reader might desire 
some knowledge on the subject. 

With the use of a good construction 
index and the original costs, and the 
dates thereof, an accurate present-day 
value estimate may be. very readily 
made up by one who understands the 
construction problems of the type of 
property involved. Whether construc- 
tion overheads will be placed on the 
value found by an index or not rests 
on the method of keeping the original 
entries; if they had sufficient over- 
heads, which is seldom the case, then 
the index will automatically take care 
of the construction overheads. 

When it comes to depreciation, we 
have again a high limit and a low 
limit. Those who work for a low 
valuation, generally present a depre- 
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ciation study based on “life tables” 


or “mortality tables.” These tables 
are supposed to follow the lines of 
the life insurance company tables, in 
which the lives of a large number of 
persons are studied, and tables and 
curves made from which the length 
of life or “life expectancy” may be 
predicted. The most highly developed 
of these are based on equations and 
curves involving logarithmic functions. 
It was once testified about one of 
these curves that two persons with 
calculating machines could work one 
out in a day. Those who work for the 
low limit claim that the remaining 
life can be predicted and that the 
value is dependent on that life. 

Against this argument it is urged 
that by proper maintenance the life 
of most property can be prolonged 
indefinitely, as far as wear is con- 
cerned, and that the very large 
majority of property is retired because 
of obsolescence or inadequacy which 
no one can foresee. It is urged, for 
example, that a gas main suffers 
practically no wear due to use or the 
lapse of time and that as long as it is 
adequate, it has no depreciation; that 
if it must ever be retired, its retirement 
will be due to inadequacy which 
generally takes place without warning 
and cannot be predicted; and that, 
therefore, an active and well main- 
tained property has an indefinite life 
and is in one hundred per cent con- 
dition. 

The Supreme Court of the United 
States, which has the last word on all 

valuation matters, has said, in the 
famous Indianapolis Water Case: “The 
testimony of competent valuation engi- 
neers who examined the property 
and made estimates in respect of its 
condition is to be preferred to mere 
calculations based on averages and 
assumed probabilities”; so that depre- 
ciation, as well as the estimate of 
reproduction new, is the province of 
the valuation engineer. 

The foregoing may seem to be a 
somewhat rambling discourse which 
covers both law and engineering, but 
it may serve to furnish the young 
engineer with a rough outline of some 
of the problems that are embraced in 
that division of the profession known 
as valuation engineering. 


A Short Wave Vacuum Tube has 
recently been developed which oper- 
ates on a wave length of six meters and 
has proved to be fifty times as powerful 
as other short wave tubes. With the 
increasing importance of short wave 
radio it will have many applications. 
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Sullivan Coal Loader handling a run of large lump coal 
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The Modern Dinosaur 


—a beneficent monster that wars on coal mine costs 


The new Sullivan Coal Loader is a giant in 
power and speed. But it responds quickly to 
sensitive controls. It moves steadily to the 
working place, opens great jaws to gather up 
coal, and swings its steel tail to load the cars 
—with only two men to guide it. 

Primarily, the machine consists of a shovel plate, 
with a bit-studded roller, and two conveyors. It is 
equipped with a substantial frame, and crawler 
traction. 

Each digging, conveying, and moving member is 
independently controlled. The machine forges its 
own way into the pile, and the coal is pulled by the 
roller, onto the conveyors which deliver it to the cars 
in the rear. 

These loaders will handle 200 to 300 tons in an 8- 
hour shift. 

Sullivan Coal Mining Equipment has pioneered for 
more than a generation, in improving mining efficiency. 


Catalogs on Loaders, Coal Cutters, Diamond Core 
Drills, Air Compressors, Rock Drills, and Hoists will 
be sent free to engineering students, on request. 

Ask also for the booklet outlining your opportun- 
ities if you should join the Sullivan organization. 





Closeup of the loader passing through a break through 


SULLIVAN MACHINERY COMPANY, 164 S. Michigan Ave., Chicago 
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of management is whether or not to 
scrap old machinery and replace it 
with new machinery of higher effi- 
ciency. Prof. C. H. Porter has given 
some attention to the accounting fea- 
tures of this problem through the 
application of mathematical analysis. 

During the past few weeks the de- 
partment has had two stimulating 
meetings of advisory committees, one 
being held in Boston and the other in 
New York. At each of these, business 
men of wide experience as well as some 
of the younger graduates of the course 
participated in the discussion of possi- 
ble imprevements in the curriculum of 
instruction. Although those present at 
each of these meetings hold positions 
of business responsibility rather than 
engineering practice, there was a gen- 
eral agreement that an engineering 
education for business purposes was of 
the greatest value, inasmuch as it 
taught students how tothink accurately, 
and there was an equally general agree- 
ment that the course should retain a 
generous amount of courses in science 
and engineering. 

Professor Schell has been making 
some interesting inquiries of the gradu- 
ates of the course through question- 
naires. He has secured salary figures 
for more than half the members of the 
classes from 1919 to 1924. Salary fig- 
ures obtained in this manner have to 


Departmental Notes 


(Continued from page 62) 


be interpreted with care. Presumably 
they do not include salaries of the very 
lowest rank or the exceptionally high 
salaries. Graduates who for one reason 
or another — illness, travel, or possi- 
bly unfortunate start — and graduates 
who may, through family connections, 
have been given especially favorable 
opportunities, may not report. The 
figures also do not include unearned 
income, but are strictly confined to 
salaries. 

An interesting point to notice in this 
is the fairly uniform increase from year 
to year. In some cases individual sal- 
aries which are below the average dur- 
ing the first few years reflect periods 
of personal investment in experience 
which produce greater accelerations in 
wage during the later years. Oppor- 
tunities for transfer also from one posi- 
tion to another during the early period 
may result in wage advances which 
brought returns above the average, 
after which a period of stabilization is 
to be expected. 

The interesting point to note in the 





table below is that a very considerable’ 


number of the men have worked up 
from apprenticeship to executive posi- 
tions. It is also to be noted that a 
considerable number have retained 
their interest in technical engineering 
work, and apparently have not been 
handicapped by the fact that a some- 


Class of 

Upon 1919 1920 1921 1922 1923 1924 
Graduation,..... $1,680 $1,555 $1,500 $1,550 $1,595 $1,420 
First Year...... 2,240 1,810 1,770 1,920 1,940 1,860 
Second Year... 2,800 2,210 2,300 2,640 2,310 2,380 
Third Year..... 2,770 2,700 2,880 3,025 2,780 3,190 
Fourth Year. ... 3,015 3,305 3,220 3,500 3,480 
Fifth Year...... 3,610 3,610 4,005 4,270 
Sixth Year..... 4,450 4,400 4,500 
Seventh Year... 4,900 4,830 
Eighth Year.... 5,120 . 

"91-99 °20-93 °D3 "Ds "Os D5 25-26 °26-'27 

Executive work in finance, sales and pro- 

ee at ih Cyn, fee 6 8 11 16 19 25 
Functional specialists in finance, sales and 

production........... Se re 16 26 25 23 17 15 
Apprenticeship work............. 26 +4 2 ] ae 
Salesmen....... ssglt hy aaa oc 4 7 6 5 8 8 
Technical work............. 8 13 7 16 15 12 
Educational work. ...... e3 5 5 3 3 4 2 
Required military service, foreign students 1 l 
timate SS ta aac tlt 4 5 5 5 6 7 
eae ose allie ] 
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what less amount of engineering work 
has been given in this particular course. 

For the first time this year the 
department is giving a course in con- 
tracting management to students in 
the course of Building Construction 
(XVII). 

Davis R. Dewey. 


American Railroads 
(Continued from page 52) 


More than 6 per cent of the total 
operating revenues of the carriers are 
consumed by taxes, which actually 
means that of every dollar paid by 
the public for passenger or freight 
service, six cents is paid in taxes, and 
the railroad gets only 94 cents. Viewed 
from another angle, we find that out 
of the gross revenue of an entire year, 
it takes on the average, the receipts of 
22 days for taxes. 

Approximately three-fourths of the 
395 million dollars taxes which the 
railways paid last year went to state 
and local governments. Unfortunately, 
State debts are not decreasing, but 
increasing. The advance during 1927 
was 125 millions, or 6.7 per cent, 
according to the most recent figures. 

American railroad rates are not 
high, but even if they were a great 
deal higher than they are now, they 
would be low beside the cost to the 
traveling and shipping public of a 
breakdown in our transportation ma- 
chine. It would be helpful to the 
transportation industry if there were 
a greater realization on the part of 
the public that rates are, in essence, 
an investment in transportation, and 
the quality of this transportation 1s 
usually in direct proportion to the 
rate paid. What the shipper must have 
in this age of heightened competition 
is the most efficient and economical 
transportation he can secure. A more 
general appreciation of the fact that 
the cost of poor service is so much 
greater than any saving in rates could 
possibly be, would go far towards 
solving the entire rate situation. 


























OLMAN WELDING AND CUTTING TOR 


Gives best resu’ts when used in connection with Tolman Patented 
Safet y Automatic Regulators on the oxygen and acetylene cylinders. 


Made by TOLMAN MANUFACTURING COMPANY Incorporated 1910 


19-21 West Third Street, Boston, Massachusetts 
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L. C. SIMPSON, 
Headquarters Sales 
U. of Colorado, "25 


a: E. MOORE, 
eadguarters Sales, 
U, of Illinois, ‘25 


Ped; CAHILL, 
ighting Engineer, 
U of ‘Airon, ’26 


R. W. BUSH, 
Commercial Lighting 
Specialist, 

Los Angeles Office, 
U. of Southern 

California, ’24 
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H. E. LIPPMAN, 
A fphting Eacines. 
Penn State, ’25 


I. A. YOST, 
Lighting Engineer, 
Penn State, '24 


F. C. WINKLER, 
Lighting Engineer, 
Notre Dame, ‘18 


YOUNGER COLLEGE MEN 
ON RECENT WESTINGHOUSE JOBS 


JAMES D. REID, 
Lighting Engineer, 
. of Indiana, '27 





The Mines Field Illumination 


Where do young men get in a large indus- 
trial organization? Have they opportunity 
to exercise creative talent? Is individual 
work recognized? 
r,oryr 

INES FIELD, Los Angeles, 

is famous as the scene of 

the 1928 International Air Races 
and Aeronautical Exposition. 
Equally famous among flyers is 
the perfect illumination which 
enabled pilots on the night pro- 
grams to land with 
all the ease and assur- 
ance of those who did 
their flying by day. 





To blanket the field with 
brilliance and yet avoid danger- 
ous glare the problem 
assigned to the Westinghouse 
engineers who designed the Mines 
Field lighting for this greatest of 
Twenty-one huge 


was 


air meets. 
floodlight projectors, each with a 
maximum beam candlepower of 
one million, provided the bril- 


liance. An ingenious system of 


Westinghouse 


louvres cutting off upward rays 
of light provided protection from 
glare. The result was an achieve- 
ment in airport lighting which 
has been pronounced the most 
nearly perfect of any in the 
United States. 
yor? 


The outstanding jobs go to organiza- 
tions with the resources and facilities 
to handle them. Westinghouse, because 
of the outstanding opportunities which 
are of almost daily occur- 
rence within its organiza- 
tion, offers strong attrac- 
tions to young men of 
enterprise and ability. 











bearing and the secondary articulation 
a plain bearing. The secondary articu- 
lation was not at first used, but was 
adapted as the result of experiments 
carried out with the purpose of reliev- 
ing alternative stresses in the plane 
of rotation. In 1927 an accident had 
occurred as a result of these stresses, 
one of the blades failing in the air at 
its root. The machine came down 
quite slowly nevertheless, due to the 
support of the other three blades. Due 
to the accident experiments were car- 
ried out on the ground with blades set 
up on a testing tower and set in motion 
by the wind. After the experiments 
the second articulation was added, 
set perpendicular to the original one, 
in such a way that the blades were 
free to alter their relative angular 
positions within certain limits. The 
interbracing necessary to limit these 
movements gave quite a good deal of 
trouble, but the second articulation 
showed itself to be a solution of the 
trouble from alternative stresses. 

The Autogiro is extremely stable 
due to the system of hinging the wings 
and their rotary motion. In the 
Autogiro any difference of lift on any 
point outside the central shaft is taken 
up by the movement of the wing up 
or down on the hinge so that all of the 


The Autogiro 


(Continued from page 54) 


lift forees have to pass through one 
point at the center and thus complete 
stability is obtained. The Autogiro 
in common with the aeroplane obtains 
its support from the relative motion of 
the supporting wing surfaces and the 
air. The difference is that while the 
aeroplane in order to obtain enough 
support has a definite minimum trans- 
lational speed, the Autogiro, through 
the relative motion of its supporting 
surfaces in rotation, obtains support 
even while the machine as a whole 
has no forward velocity, and conse- 
quently the Autogiro has no definite 
minimum translational speed of sup- 
port. It is therefore capable of 
vertical descent, and can land within 
a small space and without a run. In 
actual practice the Autogiro is gen- 
erally landed with a very slow landing 
speed, but it can be landed vertically 
with no danger to the passengers. 
In the models now in use, in taking off 
it is first necessary that the blades 
revolve at eighty per cent of the 
normal flight revolutions. To obtain 
these revolutions the machines are 
taxied around the field until about 
half of the normal flight revolutions 
are obtained, then headed into the 
wind and the throttle opened. As 
soon as the eighty per cent necessary 
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for support are obtained the machine 
takes off. The normal rotor revo- 
lutions in flight for the Cierva Autogiro 
“C. 8. Mark III” with a 180 hp. 
LYNX engine is 115 r.p.m. 

It is planned to equip the Autogiro 
with a mechanical self-starter for 
starting the wings in rotation so that 
taxying can be avoided. This mechan- 
ical starter would be used solely for 
attaining the required eighty per cent 
of the normal flight revolutions, and 
would cease to function as soon as 
they are obtained. When machines 
are so equipped, it will be possible 
for them to take off almost vertically 
from any small plot of ground, and 
the operator will not be limited, as he 
is today, to large landing fields. The 
Autogiro today can take off from fields 
much smaller than those required by 
the ordinary aeroplane, by taxying 
around the field and thus obtaining 
its required number of revolutions as 
explained before. 

In flight, the Autogiro is controlled 
in the same manner as an ordinary 
aeroplane, except that the forward 
speed can be cut down without fear of 
a stall. Should the motor cease to 
function the Autogiro remains con- 
trollable, and can be glided down to 

(Continued on page 74) 
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Serving Public Utilities 


HE leading public service compan- 

ies and industrial steam generating 
plants throughout the country use 
Bailey Meters because they are essential 
to the well-organized plant—the plant 
that accounts for its heat units as care- 
fully as for its dollars. 

The high standards of efficiency that 
prevail in these modern power stations 
reflect the profitable operating economy 
assured by Bailey Meter Control. 

Bailey Meters keep complete account 
of all important operating conditions. 
By their use, you can determine the fuel 
and stack losses, as well as check the fuel, 
steam and water consumption. These 
meters enable the operators to locate 
and determine the magnitude of the 
losses so they may be reduced to a mini- 
mum and the final results thereby im- 
proved. Bulletin No. 81B entitled, 
“The Heat Balance in Steam Power 
Plants” will show you how this can be 
done. Write for a free copy. 


Bailey Meter Co. 
Cleveland, Ohio 





Bailey Meters on a Pulverized Coal Fired Boiler 
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in goal shooting or valve making 


Goals in basketball are seldom the result of chance. 
A high degree of accuracy is called for. 









Fig. 651, Flanged, 
Jenkins Standard Iron 
Body Gate Valve 






Accuracy counts for as much in manufacturing 
and the making of Jenkins Valves is a good ex- 
ample. Accuracy enters into every operation from 
the choice of metals by competent metallurgists 
to the rigid testing of the finished valves. 
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Castings for Jenkins Valves are sound 
and flawless, inspection systematic 
and constant. Machining is precise, 
assembly painstaking. 


There are Jenkins Valves of bronze scna for a 


e . booklet descrip- 

and iron for practically every power tive of Jenkins 
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any nearby plot of ground, and when 
above it, descend almost vertically 
into it. In taking off from the ground, 
if the motor should stop, and not 
enough altitude had been obtained to 
clear obstructions around the field in 
the case of an ordinary aeroplane, a 
stall and a sudden dive to the ground 
would be very likely. With the Auto- 
giro, the forward velocity can be cut 
down by pulling the stick back, and a 
vertical descent made in safety, and 
under control. 

Because of the slow landing speed, 
it has been found best to use a wide 
landing gear. In the Cierva Autogiro 
Mark 11 a skid is incorporated with 
the regular aeroplane landing gear. 
A new model, the Mark III, has been 
developed in which the skid type is 
displaced by one with a split axle and 
radius rods. Oleo and compression 
rubber legs are used. 

The mast is attached to fuselage 
structure by means of four steel tube 
struts, which take the load. The lower 
end of the mast is attached to a travers- 
ing gear, which consists of a worm and 
nut, operated by a hand wheel in the 
front cockpit. This enables the pilot 
to control the lateral angle of the 
mast, that is, the angle of the axis of 
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The Autogiro 
(Continued from page 72) 


the rotor, displacing the whole of the 
lift action to one side or the other of 
the center of gravity, and so modifying 
the lateral balance of the ship. 

The Mark III, equipped with the 
Armstrong-Siddeley “ Lynx”’ IV engine 
of 180 h.p., gave the following perform- 
ances on a test made on a model sold 
to the Italian Government: 

Maximum speed, sea 
mi.p.hr. at 2,000 r.p.m. 

Cruising speed, sea level, 85 mi.p.hr. 
at 1,800 r.p.m. 

Minimum speed, sea level, 25 mi.- 


level, 105 


p-hr. 

Minimum speed (gliding), 15 mi.- 
p.hr. 

Climb, 700 ft. p.m. 

A light Autogiro has also been 


developed with a “Cirrus”? Mark ILI 
engine using a standard Avro-Avian 
light plane fuselage. With this motor 
the performance is as follows: 

Maximum speed, sea level, 90 mi.- 
p-hr. 

Minimum speed, sea level, 28 mi.- 
p-hr. 

Cruising speed, sea level, 70 mi.p2hr. 

Rate of climb, 300 ft.p.m. 

Duration of flight, about 3 hours. 

The development of this type of 
plane seems to give promise of an 
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aeroplane which can be safely used by 
the average man as well as the skilled 
pilot, and which can be used in the 
small space available for taking off 
and landing which the average man 
has at his disposal. Flying has been 
hampered in the past by the fact 
that quite a definite degree of skill is 
required on the part of the operator, 
and by the limited quantity of fields 
available, as well as by the fact that 
in many cases the fields which must 
be used with the ordinary aeroplane 
are often at a considerable distance 
from the final destination of the flyer, 
who needs must continue his journey 
on the ground. A large degree of 
success has already been attained by 
the Autogiro, some long distance flights 
have been made, and its further 
development is mainly a matter of 
refinement. It is not at all impossible 
that the Autogiro may one day become 
more popular with the average man 
than is the conventional airplane of 
today. 

Epitor’s Note: This article on “The Auto- 
giro”’ was prepared by Mr. Berghell from original 
data furnished by the Cierva Autogiro Com- 
pany, Ltd., and the A. D. C. Aircraft, Ltd., 
London, England. The photograph of the Auto- 
giro in flight was furnished by the Newcastle 
Aero Club and North Mail. 
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TRUCTURAL Clay Tile offers the requisite strength 

for load-bearing walls with a minimum of weight. 
The resulting economy in structural material, to- 
gether with the convenience and fire-resistance which 
this material affords, are strong recommendations for 
its use in buildings of a permanent character. 


Load-bearing walls and partition walls of Structural 
Clay Tile are efficient barriers against heat or cold, 


sound, moisture and fire. 


The flexibility and permanence of Structural Clay Tile 
commend it for the execution of architectural design 
of infinite variety. Its economy makes it practical for 
all types of construction. 
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Formerly Hollow Building Tile Association 
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HE “MATHEWS” FIRE HYDRANT dates tation to all inter- 


ce ested students to 
back to the late sixties, when Hydrants were visit our extensive 


largely the product of local foundries and the designs ne i semen di = 
many and varied. “MATHEWS” 
. - P Hydrants, and our 

“MATHEWS” immediately gained favor and rapidly _ other products. 
became the STANDARD for COMPARISON. 

Today, with over three hundred thousand in service, 
it occupies first place, and the long list of users is con- 
stantly growing. 

Our long experience has brought steady improve- 
ment in the details of construction, but because of the 
fundamentally sound principle there has been no radi- 
cal change in the essential features of design. Correct 
design and substantial construction account for the 
success of the “MATHEWS” Hydrant. 
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Increasing Recognition for the Engineer 


doing engineering work could classify 
themselves as engineers in distinction 
from men engaged also in the work of 
other professions. The Massachusetts 
Institute of Technology itself was 
founded only in 1859 and incorporated 
in 1861, barely seventy years ago, and 
most other technical schools are of 
even more recent date. Undoubtedly 
many men prominent in public life in 
past history, who possessed minds of 
engineering ability, and who might 
have definitely followed engineering 
careers if they had lived in the present 
generation, did not do so in the days 
when they lived and never called them- 
selves engineers because there were 
fewer opportunities then for ambitious 
men in engineering and related work. 
One suspects in reading history that 
many men whom we remember now 
for their attainments in other fields 
of endeavor might have been remem- 
bered even more favorably had they 
enjoyed a fuller opportunity during 
their lifetimes to develop as engineers. 
Julius Caesar, for instance, remem- 
bered now chiefly as a soldier and 
statesman, wrote so carefully and 


interestingly about his bridge across 
the Rhine that he must have had a 
strong 


leaning toward engineering. 
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Leonardo da Vinci, Michael Angelo, 
and other great men of the Renais- 
sance, remembered now chiefly as 
painters or sculptors, handled also 
engineering problems of their time 
with ingenuity and skill and might 
have developed further their engineer- 
ing abilities had not the public of 
that time and its leaders, patrons of 
their art, been more interested in 
giving substantial recognition to their 
artistic productions. 

Today, public standards and the 
elements of public esteem have changed 
and the engineer, as such, is beginning 
to come into his own. The general 
public has had the opportunity, for 
the first time in history, over the last 
fifty years or so, to judge of the results 
of the lives of technically trained men 
who have devoted practically all their 
years to the pursuits of applied science, 
which, for the purposes of this article 
at least, are lumped under the general 
classification “engineering.” In the 
last fifty years, the general public has 
had given to it, as results of the work 
of engineers, the automobile, the radio, 
the telephone, the electric light, better 
roads, bridges and railroads and count- 
less other engineering helps to human 
comfort and happiness. The public 
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heartily approves and would like to 
have more along the same lines. Inev- 
itably, with the public approval of the 
results, comes also public approval of 
the men who, in groups and as indi- 
viduals, have made these results pos- 
sible. Engineering and engineers are 
esteemed by the general public now 
as never before in history. Such in- 
creasing public recognition for engi- 
neers will tend to draw more and more 
young men (and perhaps more young 
women, too), of high ability and 
ambition, into engineering work of the 
future. All of us are susceptible, in 
greater or less degree, to the applause 
or condemnation of those with whom 
we have to live. During the hundreds 
of years when the world was rever- 
encing and applauding its military 
heroes, Alexander, Hannibal, Napo- 
leon and their like, many ambitious 
young men, day dreaming to them- 
selves from time to time, must have 
kept imagining themselves as future 
great military leaders also. Who 
knows what boys are dreaming today 
instead of becoming a future George 
W. Goethals, Thomas A. Edison or 
Herbert Hoover? If enough promising 
and ambitious boys will dream such 


(Continued on page 78) 
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save time and money 
when you figure real cost 





Ei ISN’T the first cost, it’s the upkeep.” Every- 
one has heard this statement applied to 
automobiles. The reasoning is just as sound 
when applied to the cutters, such as those illus- 
trated, which are used on machines for milling 
and other forming operations throughout the 
metal working industry. 

A good cutter requires fewer sharpenings 
than an inferior cutter. During the period of 
removing, sharpening, and replacing cutters 
the cost of lost production enters. Brown & 
Sharpe Cutters keep the lost production cost 
down toa minimum and, what is most impor- 
tant, they permit a considerable saving in the 
lost time of expensive machine equipment. 

It is not the first, but the real cost —the first 
cost plus “upkeep” —that determines the econ- 
omy of a cutter investment. 

It profits the manufacturer to take this view 
when buying equipment, and asa result, more 
and more are specifying Brown & Sharpe 
Cutters. 
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Artificial Earthquakes 


High explosives have been the tool of scientists 
and engineers ever since Alfred Nobel toiled in 
his laboratory to produce dynamite which he in- 
vented in 1867. 


Among the immensely varied uses of Hercules 
Explosives to the scientist and engineer is that 
of creating artificial earthquakes. The geological 
structure of the earth’s crust may be logged by 
data from these waves or quakes. 


Where there are oil fields to be explored, salt 
domes to be found, faults to be mapped or foun- 
dations to be located you will find Hercules Explo- 
sives. Scientists measure the speed of explosive 
waves through the earth and they are able to chart 
its understructure. 


Hercules Explosives are one of the most useful 
servants of the modern engineer. 


HERCULES POWDER,COMPANY 


(INCORPORATED) 


990 King Street, Wilmington, Delaware 


In the September 1928 issue of The Explosives Engineer maga- 
zine there is a very interesting and instructive article describing 
the methods of prospecting for oil by creating artificial earth- 
quakes with explosives. Upon request, we shall be glad to mail 


you.a free copy of this number. 
2645 


















dreams today, the realizations of their 
dreams may follow tomorrow. In- 
creased public recognition for engineers 
now will stimulate greater engineering 
achievements by other individuals in 
the future. 

Qne of the most attractive and 
striking features in the facade of the 
new Massachusetts Institute of Tech- 
nology buildings in Cambridge is the 
inclusion of the names of various 
celebrated engineers and _ scientists 
arved prominently in stone and con- 
spicuous to all who approach the 
buildings. More could be done in 
the way of other memorials in the 
interiors of the several Institute build- 
ings to honor further the great achieve- 
ments of many other engineers of the 
past, now dead. A. couple of years 
ago it was my privilege to visit the 
great German Museum in Munich, 
an enormous technical museum which 
as yet has no equal, but ought to have, 
in this country. I was particularly 
impressed with the care taken in this 
museum, by statues, busts, and appro- 
priate mural inscriptions, to glorify 
great individuals of the past, from 
many different countries, who have 
contributed toward the advancement 
of engineering and science. A great 
soldier who dies fighting for his country 
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in a noble cause is entitled to have his 
name perpetuated with imperishable 
honor. But there are far too many 
statues in the world of soldiers and 
political rulers (not all of whom lived 
nobly) as compared to memorials of 
constructively minded men like engi- 
neers. Young minds especially respond 
to emulation; many able men work for 
glory as much as for other motives. 
The more we honor now and recognize 
publicly in this generation engineers, 
the more likely we are to have even 
better engineers in the next generation. 
Occasional public engineering awards, 
like those of the John Fritz medals, 
are helpful for such purposes. 

All successful engineers must have 
constructive imagination. Doing engi- 
neering work also requires and further 
develops clear thinking and the kind 
cf reasoning that eliminates the irrel- 
evant and cuts directly down to the 
essentials. When an engineer is mak- 
ing a survey, building a skyscraper, or 
designing a piece of machinery, one 
foot four and one-half inches means 
exactly one foot four and one-half 
inches, and not more and not less. 
Baffling political problems may be 
helped toward solution by more search- 
ing intelligence brought to bear upon 
them by engineers accustomed to 
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exact and successful thinking. The 
world does not need so much today 
new statements of ideals as it does 
need more efficient leaders competent 
to carry out into actual practice ideals 
which have many times already been 
adequately stated. The ideals of men 
living together in a world of happiness 
as expounded by Jesus Christ and 
Marcus Aurelius were not far different 
from those explained by Buddha and 
Confucius, and not far different from 
those of competent modern ethical 
thinkers. The less important ideal of 
men flying like birds, which countless 
millions of men had dreamed about 
for thousands of years, was not too 
difficult of actual realization for Lang- 
ley and the Wright Brothers to bring 
about. Engineers are accustomed to 
taking blue print ideals, just paper 
products of the imagination, if you 
will, and translating them into realities 
of steel and stone. Who is there that 
dares to prophesy limits to the prac- 
tical achievements in the future of 
constructively minded engineers, ac- 
customed to accomplish the difficult, 
if they are given opportunities of 
leadership in the coming generation to 
help in solving problems of political 
and human relationship, the practical 
(Continued on page 80) 
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and lasting solution of which will add 
so much to the happiness of every one 
in the world? 

We come back, in conclusion, to the 
signal mark of public recognition of 
the engineering profession which has 
come through the election of Herbert 
Hoover as President of the United 
States. We have every reason to be 
thankful for the first engineer President 
of the United States, George Wash- 
ington; the future will show what 
results are to come from the Adminis- 
tration of our second engineer Presi- 
dent, Herbert Hoover. 

Until recently at least, engineers 
have not had so much to do with 
politics and other problems of human 
relations. When one reads the writ- 
ings of the Greek philosophers, Plato 
and Aristotle in particular, and re- 
members the fairly well working Greek 
city democracies, long since unfor- 
tunately perished, one realizes that not 
very much recent improvement in the 
handling of politics and other problems 
of human relations is evident if we 
compare Plato’s theories and the 
Greek city practices of his day, for 
instance, with European theories and 
practices of the year 1914. If the 
soldiers and lawyers and the orators 
who have been running the world for 
so many thousand years could not 
develop a civilization which would 
have made the World War impossible, 
can the engineers do so? Are the next 
problems for engineering-minded men 
of the world to face those of the age- 
long unsolved problems of better 
human relations? Must a world that 
knows radio still have to know bay- 
onets? 

Predictions are dangerous, and engi- 
neers, who spend their time dealing 
with facts rather than fancies, have 
no desire to set themselves apart as 
any class of the elect. It is to be 


hoped, however, that the increasing 
public recognition of engineers does 
not represent misplaced public con- 
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Increasing Recognition for the Engineer 


(Continued from page 78) 


fidence. There is reason for belief, 
also, that engineers who have shown 
their capacities to make so many 
astounding physical changes for the 
better in the world today as compared 
to the world of ancient times, may also 
show capacities, as and when they are 
given opportunities, to help in solving 
along scientific lines the more difficult 
and more important moral and po- 
litical problems of men and women 
living together in peaceful and happy 
human relations. A great many engi- 
neers and other constructively-minded 
men will have to codperate together 
in this; any one individual, no matter 
how prominently placed, can do but 
little. It is for this, as well as for 
other reasons, that so many engineers 
are quietly rejoicing in the increasing 
public recognition of their profession, 
and in such signs of this gratifying 
fact as the election of engineer Herbert 
Hoover to the Presidency of the 
United States. But with this satis- 
faction must come the full realization 
that along with such recognition and 
honor go duty and obligation. No é6ne 
who really knows and understands 
engineers believes that they will fail 
to meet adequately as a class and, 
almost unanimously, as_ individuals 
also, their new and growing responsi- 
bilities. Let us hope and trust that 
increasing public recognition for engi- 
neers will have as one of its inevitable 
and beneficial results an increasing 
rendering by engineers of altruistic, 
unselfish public service, in many ways 
and forms that are much needed today 
both in our own country and through- 
out the rest of the world. 


Airplane Propellers are being 
painted in brilliant colors to prevent 
accidents caused by people running 
into them. Considering the many fatal- 
ities that have occurred from this cause 
in the past, this innovation should 
prove to be of great benefit. 
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The Cascade Tunnel 


(Continued from page 57) 


and carried through to the shaft by 
May 31, 1928. 

The plan of attack between Scenic 
and the shaft and the relative position 
of pioneer and main tunnel will be 
made clear by reference to Fig. 5. 
The 8 by 9 foot pioneer tunnel was 
originally laid out on the same level 
as the center heading, but as work pro- 
ceeded and heavy water flows were 
encountered, the level was dropped to 
facilitate drainage from main tunnel. 
The pioneer tunnel was located 66 feet 
south of center of main tunnel. 

Much water under pressure was 
encountered between Scenic and the 
Mill Creek shaft —the flow at one 
time reaching as much as 10,000 gal- 
lons per minute, and prior to the time 
when the pioneer tunnel was connected 
through on May 1, 1928, the pumps at 
Mill Creek shaft were raising 2,000 
gallons per minute. 

Instead of a center heading for the 
main tunnel, much of the work west of 
the shaft was carried on with top or 
bottom headings and a great deal of 
timbering was necessary. 

All operations were carried out on a 
three-shift basis. A maximum of 1,800 
men was employed and not a single 
shift was lost in the entire construc- 
tion period. 

Records heretofore unsurpassed were 
made in both pioneer tunnel and also 
in the enlargement, the figures being, 


October, 1926 1157 ft. Pioneer tunnel 
August, 1927 1220 ft. Full section enlargement 


The last of the muck was removed 
from the tunnel on December 8, 1928, 
or one week less than three years from 
the date work started. This remark- 
able record was accomplished largely 
through the excellent organization of 
the contractor and the fine spirit which 
pervaded the work, but good equip- 
ment and an unlimited supply of 
power contributed to the success of 
the undertaking. The general plan 

(Continued on page 82) 





TAPES — 


WINDSOR, CANADA 


PERFORMANCE 


CHARACTERIZES ALL 


OF KIN 


RULES — TOOLS 


Illustrated here is the ‘‘Rapid Reading’’ feature now to be found on all our 
Micrometers. It makes reading quicker, easier and more positive 


LET US TELL YOU MORE ABOUT THIS AND OTHER 
EXCLUSIVE LUFKIN FEATURES 


THE [UFKIN fpULe (0. 


SAGINAW, MICHIGAN 







NEW YORK CITY 

























March, 1929 


DUDLO 


World’s Largest 
Manufacturers 
of Fine 


MAGNET WIRE 
and WINDINGS 


For Every 
Electrical Purpose 









Ask for a copy of the DUDLO folder 
“Wire and Winding Data.” It 
will help you in your work 
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worked out was that until delivery of 
power over the Great Northern Rail- 
way Company’s transmission line from 
the Puget Sound Power & Light Com- 
pany’s system, Diese! engine driven 
generators were installed which were 
maintained later as emergency plants. 
These power plants consisted generally 
of 360 h.p. six-cylinder Diesel engines 
coupled directly to generators, the 
total capacity at Scenic being 1,200 
h.p. and at Mill Creek 720 h.p. The 
generators delivered 2,300-volt, 60- 
cycle, 3-phase alternating current. 

All underground lighting was 3- 
phase, 60-cycle, 220-volt. Underground 
haulage was operated from trolley wires 
carrying 275-volt direct current, motor 
generator sets being placed at conven- 
ient points inside the tunnel for this 
conversion. 

Track in the pioneer tunnel and 
center headings was 2-foot gauge and 
the material was loaded by Myers- 
Whaley electrically driven machines 
into 50 cubic feet steel side dump cars 
which were hauled out by 6-ton Gen- 
eral Electric locomotives. These loco- 
motives were equipped with reels 
carrying 500 feet of cable, as trolley 
could not be carried close to the work- 
ing faces. 

Track in the enlargement was 3-foot 
gauge, the muck being loaded by 40- 
ton shovels on caterpillar treads. 
These shovels were old steam shovels 
converted to operate with air. The 
dump cars were 6 cubic yard capacity 
and were hauled by 20-ton General 
Electric locomotives. 

At the beginning it was thought 
that the rock might be self-sustaining, 
but it was soon realized that the char- 
acter of the rock was such as to require 
the lining of the tunnel throughout. 
The finished section is shown by Fig. 6. 
To carry on this concreting so that it 
would not interfere with excavation 
and would be completed shortly after 
the last rock was removed, was a dif- 
ficult task. The granite in the tunnel 
was not suitable for concrete aggregate 
so that it was necessary to construct a 
gravel washing and crushing plant at 
Reiter, Washington, thirty miles west 
of Scenic. 
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The Cascade Tunnel 


(Continued from page 80) 


Sand and gravel were delivered from 
standard gauge dump cars at Berne 
and Scenic, at Berne, directly into the 
proportioning plant, at Scenic, into bins 
from which it was transferred to 6 
cubic yard, 3-foot gauge cars in which 
it was hauled to the proportioning 
plant. These proportioning plants 
consisted of covered bins with a volu- 
metric device on the coarse aggregate 
bins and a weighing device for the fine 
aggregate and the plant was so ar- 
ranged as to permit dumping the sand 
and gravel in proper proportions for a 
1: 2: 4 mix into one-half cubic yard 
batch boxes. Each of these boxes con- 
tained a separate compartment for 
cement which was added after the box 
had received its charge of sand and 
gravel. 

The distance from portal to the 
middle of the tunnel was so great that 
it was necessary to haul the aggregate 
dry as above outlined and to do the 
mixing at the point of placing con- 
crete. This was accomplished by using 
steel collapsible forms 371% feet long 
with a platform high enough above the 
floor of the tunnel to permit free 
operation of muck trains. 

On this platform was mounted 
hoist for lifting up the batch buckets, 
a concrete mixer with device for elevat- 
ing the mixture to a central bin, 
spouts leading from bin for pouring 
side walls and a Ransome air gun which 
was used to place concrete in the arch. 
During the latter part of the work 
eight of these forms were in use and as 
much as 112% feet of concrete lining 
was placed in one day. 

The total excavation from the main 
tunnel was 840,000 cubic yards and 
262,000 cubic yards of concrete were 
placed in lining the tunnel. 

The lining was finished on December 
24 and in the meantime ties and rail 
had been hauled into the tunnel. As 
soon as concreting was finished the 
dismantling of the forms and the tear- 
ing up of the narrow gauge tracks was 
started at the middle, and as space was 
made, standard gauge track was put 
down so that when the tunnel was 
cleared of narrow gauge tracks the 
permanent track was available. At 
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the same time the overhead 11,000-volt 


trolley, the signal transmission and 
other wires were installed, and track 
bonded in readiness to begin ballasting, 
electric locomotives being used for this 
purpose. The track was ballasted and 
ready on January 7, and the formal 
opening took place on January 12, 1929. 

The completion of this tunnel and its 
approaches, at a cost of $15,000,000, 
together with the Chumstick revision, 
which cost $5,000,000, has substituted 
forty-one miles of line having good 
alignment for fifty miles of old line 
with poor alignment, higher summit 
and heavier grades. 


The following figures show the 
comparison : 
Favorable 
to New 
Old Line New Line Line 
Length of line... 49.98 mi. 41.10 mi. 8.88 mi. 
Degrees of curva- 
ture. 5683 2009 3674 
Summit elevation 3383 ft. 2881 ft. 502 ft. 
Grade in tunnel. 1.69% 1.56% 0.138% 


Length of maxi- 

mum grade... 
Rise westbound . 
Fall westbound. . 


24.63 mi. 
2410 ft. 
1402 ft. 


18.26 mi. 
521 ft. 
521 ft. 


6.37 mi. 
1889 ft. 
881 ft. 


President in the Making 
(Continued from page 53) 


latter in New Zealand. When we 
went through the New Moon mine at 
Bendigo I was greatly impressed with 
the ability of Hoover to size up and 
to estimate the ore reserves in a mine 
after a short visit. On the return trip 
at Auckland, my wife and I celebrated 
Christmas at the hotel. Mrs. Hoover 
was the soul of the gathering, getting 
together Christmas tree and presents. 
From that Christmas, I still preserve a 
hard wood knife, elaborately carved by 
the cannibals of the New Hebrides. 

Many years have passed since then 
but I still cherish these old memories 
and the opportunity I had to know 
Herbert Hoover in the earlier years 
of his career, which has now cul- 
minated in his being elected the 
President of our country. 
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Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. The colored spots 
are our trade-mark, used only with this quality. 
We make braided cord of all sizes, kinds, and colors, for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 
cord, and many special cords for special purposes. 
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THE MASSACHUSETTS 






INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASSACHUSETTS 


HE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers Courses in 
Engineering and Science, each of four years’ duration, leading to the degree of 


Bachelor of Science in: 


AERONAUTICAL ENGINEERING 
ARCHITECTURAL ENGINEERING 
Brotocy AND Pusiic HEALTH 
Burtp1inc ConsTRUCTION 
CHEMICAL ENGINEERING 
CHEMICAL ENGINEERING PRACTICE 
CHEMISTRY 

Civit ENGINEERING 

ELEcTRICAL ENGINEERING 
ELECTROCHEMICAL ENGINEERING 
ENGINEERING ADMINISTRATION 
GENERAL SCIENCE 


Five Year Courses 

The Course in Architecture is of five years’ dura-~ 
tion, and leads to the degree of Bachelor in Archi- 
tecture. Five year Cooperative Courses in Electrical 
Engineering and Railroad Operation leading to the 


degrees of Bachelor of Science and Master of 


Science are also offered. 


Graduate @ourses 
Leading to the degrees of Master of Science, Master 


in Architecture, Doctor of Philosophy, Doctor of 


Science and Doctor of Public Health are offered. 
The Courses leading to the degree of Master of 
Science include Cooperative Courses in Chemical 
Engineering Practice and Fuel and Gas Engineering. 


Ghe Better High Schools 


And other preparatory schools in the United States 
offer adequate preparation for the required entrance: 


GENERAL ENGINEERING 

GEOLOGY 

INDusTRIAL BroLocy 

MATHEMATICS 

MECHANICAL ENGINEERING 

METALLURGY 

Mutary ENGINEERING 

Mininc ENGINEERING 

NAvAL ARCHITECTURE AND MARINE 
ENGINEERING 

Puysics 

SANITARY AND MunicipAL ENGINEERING 


examinations given by the College Entrance Exami- 
nation Board in June, or by the Institute in 
September. 


Graduates of Qolleges 


Or of scientific schools of collegiate grade, and in 
general all applicants presenting satisfactory certifi- 
cates showing work done at another college cor- 
responding approximately to at least one year’s 
work at the Institute, are admitted to such advanced 
standing as is warranted by their previous training, 
and are given credit for our required subjects, 
including the entrance requirements, so far as they 
have been satisfactorily completed. 


Ghe Summer Session 


Extending from June to September includes most 
of the subjects given during the academic year and 
in addition special courses for teachers. 


Any of the following publications will be sent free upon request: 


CATALOGUE FOR THE ACADEMIC YEAR (which includes the admission requirements) 
SUMMER SESSION CATALOGUE 
GRADUATE STUDY AND RESEARCH 


Correspondence should be addressed to the 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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EADING PIP 


GCENUINE PUDDLED WROUGHT IRON 





THE FURNACE 
BEHIND THE FACT 


Back of the five remarkable qualities that 
give Reading Genuine Puddled Wrought 
Iron Pipe its long, long life stands the flame- 
filled puddlingfurnace—thetime-tested meth- 
od of making genuine puddled wrought iron. 


It is in the puddling furnace that the fiery, 
hot, pure iron and silicious slag are stirred 
and worked together until every inmost par- 
ticle of the iron is coated with corrosion- 
defying slag. Out of the puddling furnace 
comes genuine puddled wrought iron—the 
same wrought iron that has been so famous 
for generations. 


You can buy proved pipe dependability, free- 
dom from frequent replacements and unin- 
terrupted production by insisting on Reading 
Genuine Puddled Wrought Iron Pipe. Your 
protection from untried substitutes is the 
Reading name, date of manufacture and spiral 
knurl mark on every piece of Reading Pipe. 


READING IRON COMPANY, Reading, Pennsylvania 


Atlanta Cincinnati Pittsburgh Fort Worth 
Baltimore Detroit Cleveland Seattle 
Boston Houston St. Louis Philadelphia 
Buffalo Los Angeles Tulsa New Orleans 
Chicago New York San Francisco 










Reading tubular goods are 
furnished in sizes ranging 
from ¥" to 20” in diameter. 
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The Best Drilling Combination | 








The “Jackhamer” Drill has 
no equal in the narrow, con- 
fined quarters of a hard-rock 
trench. Teamed with a Port- 
able Compressor, it offers 
real protection against drill- 
ing delays. 

Ingersoll-Rand Company 
is the largest manufacturer of 
Portable Compressors, Rock 
Drills, and Pneumatic Tools. 
These sturdy machines are 
widely used throughout the 
world on engineering pro- 
jects of every character. 


TINGERSOLL-RAND CO. 
11 Broadway, New York City 





Conquering the Cascades 


record impossible without electric 
power. And electrification has been 
extended to the entire 75-mile route 
through the mountains. 


NOW falls every month in the 
year where the Great Northern 
crosses the Cascades. Steep, tortuous 
grades increase the difficulty of the 
railroading problem. Nature has stub- 
bornly resisted man’s effort to conquer 
the range. 


In January, 1929, the new Cascade 
tunnel was opened. Man, with elec- 
tricity as an ally, had con- 
quered the Cascades. 


The eight-mile bore was 
driven in three years—a 


The conquests of electricity on the 
land and on the sea, in the air, and 
underground, are making practicable 
the impossibilities of yesterday. As 
our vision encompasses wider hori- 

zons, electricity appears as 
a vital contribution to future 
industrial progress and human 
welfare. 
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